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Relative  Performance  of  ALFALFA  Varieties, 
Variety  Crosses,  and  Variety  Mixtures 

By  C.  H.  Hanson,!  H.  O.  Ghaumann,!  W.  R.  Kehr,!  H.  L.  Carnahan,'  R.  L.  Davis,^  J.  W.  Dudley,'  L.  J.  Elling,^ 
C.  C.  Lowe,'  Dale  Smith,^  E.  L.  Sorensen,'  and  C.  P.  Wilsie  « ’> 


Alfalfa  acreage  expanded  rapidly  in  the  United 
States  from  18.9  million  acres  in  1950  to  about 
29  million  in  1961  {20)?  New  varieties  and  im- 
proved seed-production  practices  have  been  largely 
responsible  for  the  increase. 

Since  the  release  of  Atlantic,  Ranger,  and  Buffalo 
in  1940,  1942,  and  1943,  respectively,  alfalfa 
breeders  have  released  20  or  more  varieties  with 
such  special  characteristics  as  winter  hardiness 
and  resistance  to  diseases  and  insects  (7).  These 
wei’e  predominantly  synthetic  varieties.  Con- 
siderable interest  has  been  expressed  in  variety 
crosses  and  blends. 

This  study  was  undertaken  in  1956  to  determine 
the  relative  performance  of  alfalfa  varieties, 
variety  crosses,  and  variety  mixtures.  Per- 
formance tests  were  conducted  at  nine  loca- 
tions in  the  north-central,  north-Atlantic,  and 


south-Atlantic  regions.  Information  also  was  ob- 
tained on  the  relative  importance  of  several  vari- 
ance components  in  evaluating  diverse  varieties 
for  yield  over  a wide  geographical  area,  and  on 
the  relative  increase  in  efficiency  of  the  triple 
lattice  design  over  a randomized  block  design. 

Varieties,  crosses,  and  mixtures  were  evaluated 
primarily  by  hay  yields.  Disease  and  stand  data 
were  collected  to  aid  in  characterization  of  the 
varieties,  but  these  data  were  not  used  for  critical 
evaluations  of  crosses  and  mixtures.  With  the 
exception  of  Iowa,  performance  tests  were  con- 
ducted in  1959  and  1960.  The  Iowa  test  was 
conducted  in  1960  and  1961.  For  that  reason, 
Iowa  data  were  treated  only  on  a location  basis 
and  were  not  included  in  means  and  analysis  for 
locations  combined. 


Terminolosy 


Variety  Cross:  The  term  “variety  cross”  is  used 
in  this  report  with  qualification.  To  obtain  seed 
of  a variety  cross,  the  two  parent  varieties  of  the 
cross  were  planted  in  alternating  rows  so  that  they 
could  be  enclosed  under  a screen  cage  for  pollina- 
tion by  honey  bees.  If  the  percentage  of  cross- 
pollination under  cage  conditions  is  the  same  as 
in  the  field,  seed  of  a variety  cross  thus  produced 
would  be  expected  to  result  from  different  kinds 
of  pollination  in  the  following  approximate  pro- 
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portions:  (1)  45  percent  from  intervarietal  cross- 
ing, (2)  45  percent  from  intra varietal  crossing,  and 
(3)  10  percent  from  self-poUination.  If  individual 
bees  had  preferences  for  varieties,  the  percentage 
of  crossing  between  varieties  would  be  reduced. 
Bee  preferences  for  individual  plants  would  in- 
crease the  percentage  of  selling.  Varieties  and 
climatic  conditions  probably  would  affect  pollina- 
tion also. 

Thus,  a variety  cross  of  alfalfa  in  this  report 
refers  to  a population  in  which  individuals  of 
intervarietal  hybrid  origin  probably  constitute 
less  than  half  of  the  population.  For  practical 
considerations,  it  is  assumed  that  each  variety 
cross  was  primarily  a mixture  of  two  approxi- 
mately equal  parts — one  consisting  of  hybrids 
between  the  two  varieties  and  the  other  consisting 
of  a composite  of  the  two  parent  varieties. 

Midparent:  The  term  “midparent”  is  used  to 
indicate  the  average  of  the  two  parents  of  a 
variety  cross  or  of  the  two  component  varieties  of 
a mixture. 
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Review  of  Literature 


Tj^^sdal  and  Kiesselbach  (18)  have  reviewed  the 
literature  on  the  extent  of  natural  cross-pollination 
of  alfalfa.  They  cited  estimates  of  cross-fertiliza- 
tion as  follows:  Nebraska  89  percent,  Canada  94 
percent,  and  Ai’gentina  85  percent.  Bolton  (2)  of 
Canada  reported  a range  from  11  to  100  per- 
cent among  clones,  but  generally  near  90  percent, 
of  seed  set  in  the  field  resulted  from  cross-pollina- 
tion. Pedersen  (11)  of  Utah  estimated  86  percent 
natural  crossing  in  the  field.  Estimates  of  per- 
centages of  crossing  occurring  when  large  numbers 
of  genotypes  are  gi’own  in  a screen  cage  and 
pollinated  by  honey  bees,  as  in  the  study  reported 
here,  are  not  available.  Hanson  et  al.  (8)  indi- 
cated that  considerably  more  selfing  might  occur 
on  clones  caged  together  and  pollinated  by  honey 
bees  than  would  be  expected  under  natural  con- 
ditions. 

Inbreeding  alfalfa  results  in  a rapid  loss  of  both 
vigor  and  self-fertility  (17,  18,  19,  22).  Self- 
incompatibility interferes  with  development  of 
true  breeding  lines. 

Some  information  is  available  on  the  perform- 
ance of  alfalfa  mixtures  when  components  of  the 
mixture  differed  in  competitive  ability.  Tysdal 
and  Kiesselbach  (18)  reported  yields  of  Ladak 
alone,  selfed  progeny  alone,  and  mixtures  of  the 
two  as  follows; 

Actual  Theoretical 


Proportions  {percent)  yields  yields 


Percent  Percent 

Ladak  (100) 100  

Ladak  (75)  and  selfed  progeny  (25)-  96.5  89.5 

Ladak  (50)  and  selfed  progeny  (50)  - 89.6  79.0 

Selfed  progeny  (100) 58.  0 


Ladak  was  chosen  as  the  high-yielding  com- 
ponent and  selfed  progeny  (mostly  one  generation 
of  selfing)  of  similar  viability  as  the  low-yielding 
component.  The  authors  concluded  that  higher 
yielding  plants  benefited  through  competition 
with  less  vigorous  and  lower  yielding  plants, 
and  a total  production  resulted  nearer  that  of  the 
high-yielding  component.  In  another  test  the 
50:50  mixture  yielded  relatively  better  when 
seeded  at  24  pounds  per  acre  than  at  12  pounds, 
indicating  that  competitive  effect  is  conditioned 
somewhat  by  seeding  rate.  According  to  Graber 
(5),  a mixture  of  equal  parts  of  Cossack  and  Ladak 
was  superior  in  yield  and  persistence  to  either 
variety  seeded  alone.  He  concluded  that  this 
gave  “some  indication  of  the  value  of  diversity 
among  alfalfa  plants  of  a variety  designed  to  meet 
a wide  range  of  use  and  envhonmental 
circumstances.” 

In  pearl  millet,  mixtures  of  a hybrid  and  its 
tw"o  parental  inbreds  in  proportions  containing 
90,  80,  50,  and  20  percent  of  hybrid  seed  were 
compared  with  the  pure  hybrid  (S).  Dming  a 
6-year  test  period,  the  90-,  80-,  and  50-percent 


hybrid  mixtures  did  not  differ  significantly  in 
average  forage  production  from  that  of  the  pure 
hybrid.  Stand  had  a pronounced  effect  on  yield 
performance  of  mixtures.  About  three  or  more 
seedlings  per  inch  of  row  were  required  to  give 
yield  performance  of  mixtures  comparable  to  that 
of  100-percent  hybrid  seed.  It  was  believed 
that  most,  if  not  all,  of  the  less  vigorous  seedlings 
from  parents  were  eliminated  by  early  competition 
and  that  thereafter  the  mixtures  performed  as 
hybrids. 

Literature  reviews  by  Mumaw  and  Weber  (10) 
and  Allard  (1)  indicated  that  variety  mixtures 
yielded  more  than  the  average  of  the  parent 
varieties  in  some  self-poUinated  crops. 

Three  soybean  varieties  were  compared  with 
their  blends  during  a 4-year  period  (14)-  The 
varieties  differed  markedly  in  maturity  and  height, 
to  some  extent  in  growth  type  and  lodging  sus- 
ceptibility, and  in  reaction  to  several  diseases. 
In  general,  blends  were  not  superior  in  yield  to 
the  highest  yielding  parent  variety.  The  13 
blends  averaged  2.2  percent  higher  in  yield  than 
the  pure-line  average.  A marked  variety  X 
season  interaction  existed  for  yield,  and  blending 
had  a stabilizing  effect  in  this  respect.  Other 
information  reported  simultaneously  (10)  showed 
that  on  the  average  soybean  variety  blends  in 
1 : 1 ratios  yielded  2 percent  higher  than  the  pure- 
line  average.  It  was  believed  that  most  soybean 
blends  would  fail  to  yield  higher  than  the  highest 
yielding  component  pure  line. 

In  lima  beans,  simple  mechanical  mixtures  of 
two  or  three  pure  lines  consistently  produced  less 
than  the  average  of  component  pme  lines  grown 
singly  (1).  Genetically  complex  populations 
derived  by  bulk  propagation  from  hybrids  between 
the  same  parents  3delded  as  much  as  the  superior 
piue-line  parent  or  more.  The  main  difference 
between  mixtures  and  prue  stands  of  varieties  in 
exploitation  of  the  environment  appeared  related 
to  competition  for  space  (light).  It  was  suggested 
that  simple  mixtiues  contained  too  few  genotypes 
to  be  efficient  in  exploiting  aU  available  ecological 
sites.  It  was  concluded  that  differences  of 
morphology,  physiological  requirements,  and 
growth  rhythm  of  the  many  component  types  in 
complex  blends  apparently  resulted  in  conditions 
that  favored  individual  genotypes  more  than  did 
the  conditions  with  pure  populations  or  simple 
mixtures,  where  individuals  always  or  frequently 
competed  with  other  individuals  of  similar 
morphology  and  simultaneous  requirements. 
Pm-e-line  populations  were  less  stable  in  pro- 
ductivity than  mixed  populations.  It  was  con- 
cluded that  mixtm-es  appeared  to  be  insured 
against  very  low  yields,  but  the  genetic  and 
ecological  forces  that  produce  stabihty  in  produc- 
tion do  not  necessarily  endow  mixtures  with  high 
average  productive  capacity. 

Hanson  et  al.  (6)  determined  the  yield  of  five 


2 


apomictic  Kentucky  bJuegrass  strains  grown 
individually  in  broadcast  plots  and  as  all  possible 
composites  of  two,  three,  four,  or  five  strains. 
The  five  strains  represented  a range  in  morphologic 
types.  Eleven  of  twenty-six  combinations  ex- 


ceeded the  yield  of  the  highest  yielding  component 
strains  over  a 2-year  period.  Six  combinations 
yielded  significantly  more  than  the  commercial 
check,  though  none  of  the  pure  strains  significantly 
outyielded  the  check. 


Materials  and  Metliods 


Genetic  Background  and  Description  of  Parent 
Varieties 

Alfalfa  varieties  grown  in  the  United  States  were 
derived  from  three  principal  stocks  found  in 
nature — Medicago  saliva  L.,  M.  falcata  L.,  and  an 
intermediate  stock  known  as  variegated  alfalfa. 
Variegated  alfalfa  resulted  from  natural  crossing 
between  the  two  species,  followed  by  natural  selec- 
tion. Persoon  {12,  p.  356)  called  variegated  alfalfa 
M.  media,  but  most  workers  prefer  to  include 
variegated  alfalfa  with  M.  saliva.  Sprague  (16) 
showed  that  M.  saliva  crossed  readily  with  M. 
falcata  and,  from  a cytological  point  of  view, 
concluded  that  they  were  variations  within  one 
polymorphic  species. 

In  this  report  the  variegated  alfalfas  will  be 
included  in  M.  saliva.  Thus,  M.  saliva  includes 
(1)  the  purple-flowered  varieties,  such  as  Buffalo, 
Williamsburg,  and  Lahontan,  and  (2)  the  varieties 
with  variegated  flowers,  such  as  Atlantic,  Culver, 
Narragansett,  Rambler,  Ranger,  and  Vernal. 
The  variegated  group  is  more  winter  hardy  than 
other  forms  of  M.  saliva.  Variegated  varieties 
were  bred  from  naturally  occurring  forms  of 
variegated  origin.  The  parental  fines  of  Narra- 
gansett, Vernal,  Rambler,  and  Atlantic  also  in- 
cluded strains  of  M.  Jalcala.  M.  falcata  is  yellow 
flowered  and  more  vdnter  hardy  and  decumbent 
than  M.  saliva.  Also,  M.  falcata  has  greater  root 
branching  and  a deeper  set  crown,  but  generally 
5de]ds  considerably  less  forage  and  seed.  Most  of 
the  alfalfa  acreage  in  the  northern  half  of  the 
United  States  and  about  two-thirds  of  the  national 
acreage  consist  of  variegated  varieties. 

Turkistan  alfalfa  is  a name  commonly  applied 
to  naturalized  strains  from  Turkistan.  It  is  an 
important  source  of  resistance  to  bacterial  wilt, 
stem  nematode,  and  certain  insects,  but  it  is  very 
susceptible  to  some  foliar  diseases.  Lahontan 
was  developed  from  Turkistan  alfalfa.  Ranger, 
Atlantic,  Narragansett,  and  Culver  derive  part  of 
their  parentage  from  Tm’kistan.  Turkistan  and 
Flemish  alfalfas  are  forms  of  M.  saliva  and  are  not 
sufficiently  distinct  to  be  called  subspecies.  Thus, 
commercial  alfalfa  varieties  have  a broad  and 
complex  genetic  background. 

National  acreages  of  varieties  used  in  this  study 
are  given  in  table  1 and  are  from  Saunders  {15). 
Information  on  Culver  is  unpublished  data  from 
Purdue  University.  The  remaining  information 
in  table  1 is  from  Hanson  et  al.  (7). 


Producing  Seed  of  Variety  Crosses 

Seed  of  parent  varieties  for  most  of  the  cross 
combinations  was  planted  in  the  greenhouse  at 
Beltsville,  Md.,  during  the  winter  of  1955-56. 
Seedlings  were  shipped  to  Bakersfield,  Calif.,  for 
transplanting  in  the  field.  Seed  for  some  of  the 
combinations  was  planted  directly  in  the  field. 
Varieties  were  planted  so  that  any  one  variety 
cross  combination  could  be  enclosed  under  a 
cage  for  pollination  by  honey  bees.  The  planting 
tor  each  cross  consisted  of  six  rows,  40  inches 
apart  and  18  feet  long,  with  three  alternating  rows 
of  each  variety.  At  least  125  seedlings  of  each 
variety  were  planted  for  each  variety  cross. 

Plants  were  irrigated  frequently  after  trans- 
planting to  enhance  survival  and  to  develop 
well-established  plants  for  maximum  seed  yield. 
Frequent  irrigation  was  discontinued  at  about 
caging  time.  Transplants  survived  well.  Each 
cage  was  managed  as  an  individual  unit  to  obtain 
maximum  seed  production. 

Cages  were  erected  over  each  variety  cross  and 
maintained  in  a bee-tight  condition  until  seed 
harvest.  Cages  were  20  by  20  by  6 feet.  They 
were  supported  by  a frame  constructed  from 
}^-inch  zinc-coated  conduit,  and  %-inch  conduit 
was  used  for  the  corners.  The  cage  cover  was 
made  from  a plastic  screen  material.  Other 
details  of  cage  construction,  bee  management, 
insect  control,  and  harvesting  procedures  were 
like  those  in  a concurrent  study  reported  by 
Hanson  et  al.  {8).  Variety  seed  yields  under 
cage  ranged  from  161  to  502  pounds  per  acre 
and  averaged  266. 

Establishment  of  Test  Plantings 

Viable  seed  of  reciprocals  was  mixed  in  equal 
proportions.  Seed  from  harvests  in  the  2 years 
was  then  mixed  in  equal  proportions  to  give  one 
seed  lot  of  each  variety  cross  for  progeny  tests. 

Fifteen  variety  crosses,  eleven  of  the  correspond- 
ing mixtures  of  the  parent  varieties  (equal  parts 
of  viable  seed  of  each  parent),  nine  parent  varieties, 
and  a mass  polycross  were  seeded  at  nine  locations, 
as  shown  in  table  2.  Certified  seed  was  used  for 
planting  varieties  and  variety  mixtures.  The 
mass  polycross  was  constituted  by  compositing 
equal  amounts  of  germinable  seeds  of  91  two- 
clone  combinations  evaluated  in  a separate  study 
{8).  Inclusion  of  the  mass  polycross  was  inci- 
dental to  the  main  objectives  of  this  study.  In- 
sufficient seed  of  Culver  to  include  it  in  variety 
mixtures  accounted  for  four  fewer  mixtures  than 
variety  crosses. 
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Table  2. — Soil  type,  seeding  dates,  methods,  and  plot  size  at  indicated  locations  ‘ 


Location 

Soil  type 

Date 

seeded 

(1958) 

Seeding  method 

Plot  size 

Area 

harves- 

ted 

Lafayette,  Ind  ..  . . . 
Ames,  Iowa.  ._  . _ . 

Manhattan,  Kans..  

Rosemount,  Minn  

Lincoln,  Nebr 

Ithaca,  N.Y  _ 

Fin  castle  silt  loam  . 

Clarion  loam  

Sarpy  fine  sandy  loam 

Clinton  silt  loam.. 
Sharpsburg  silty  clay 
loam. 

Erie  . . 

Aug.  13 
Apr.  142 
Aug.  22 
May  23 
Apr.  30  2 

May  21 
Sept.  1 

May  15 

June  11 

5-row  drilled  plots 

4-row  drilled  plots 

3-row  drilled  plots  . 

Broadcast..  

3-row  drilled  plots 

Broadcast  .... 

Feet 

3y2  by  21... 
3/2  by  15... 

2)4  by  15 

5 by  15 

2)4  by  15... 

5 by  16 

2)4  by  15... 

5 by  20 

5 by  25 

Square 

feet 

73.  5 
52.  5 
37.  5 
46.  0 
37.  5 

40.  6 
37.  5 

60.  0 

79.  2 

Raleigh,  N.C  _ 

University  Park,  Pa  . . 

Madison,  Wis 

Georgeville  silty  clay 
loam. 

Hagerstown  silty  clay 
loam. 

Parr  silt  loam  . 

3-row  drilled  plots  .. 

Broadcast _ .. 

^do  

‘ 6 replications,  except  4 at  Madison. 
2 1959. 


A common  seeding  rate  based  on  the  amount  of 
viable  seed  was  used  for  varieties,  crosses,  and 
mixtures.  A randomized  complete  block  design 
was  used  at  Madison,  Wis.,  and  a triple  lattice 
design  at  all  other  locations.  Seeding  was  in 


multiple-drilled  rows  or  broadcast  plots  at  rates 
recommended  in  the  respective  States.  Data 
obtained  from  the  two  types  of  plots  would  be 
expected  to  be  comparable.  Cutting  dates  at  the 
respective  locations  are  given  in  table  3. 


Table  3. — Cutting  dates  at  indicated  locations  for  determining  hay  yield 


Indiana 

Iowa 

Kansas 

Minnesota 

Nebraska 

New  York 

North  Carolina 
Pennsylvania.. 
Wisconsin 


State 


{ 

( 

{ 

{ 

{ 

{ 

{ 

{ 

{ 


Year 

1st 

cutting 

2d 

cutting 

3d 

cutting 

4th 

cutting 

1959 

June  13 

July 

20 

Sept.  4 

1960 

June  5 

July 

27 

Sept.  12 

1960 

June  15 

July 

20 

Sept.  6 

1961 

June  16 

do. 

__ 

Aug.  30 

1959 

June  3 

July 

6 

Aug.  10 

Sept.  14 

1960 

May  21 

June 

27 

Aug.  2 

Sept.  5 

1959 

June  4 

July 

14 

Aug.  25 

1960 

June  6 

July 

18 

Aug.  23 

1959 

1960 

July  9 
June  16 

Aug.  20 
July  15 

Aug.  19 

1959 

June  24 

Aug. 

7 

Sept.  23 

1960 

June  16 

July 

29 

Sept.  14 

1959 

May  5 

June 

9 

Aug.  3 

1960 

do 

June 

7 

July  13 

Aug.  16 

1959 

June  8 

July 

21 

Sept.  1 

1960 

June  1 

July 

18 

Sept.  6 

1959 

June  2 

July 

17 

Aug.  25 

1960 

do 

July 

20 

Aug.  24 

Statistical  Procedures 

The  analyses  of  variance  followed  procedures 
given  by  Cochran  and  Cox  {J/,  chap.  14).  The 
Duncan  multiple  range  test  was  used  for  com- 
paring means  of  treatments — crosses,  mixtures, 
and  parent  varieties — and  for  identifying  the 


best  variety  cross  or  mixture.  The  least  signif- 
icant differences,  on  the  other  hand,  were  used 
to  test  differences  between  means  of  crosses  and 
mixtures  with  high,  low,  and  midparent  values. 

Mean  square  expectations  were  derived  for 
mean  squares  of  interest  (table  18),  assuming  a 
random  model. 
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Results 


Hay  Yields 

Yields  of  crosses,  mixtxires,  and  parent  varieties 
for  nine  locations  are  given  by  cuttings,  seasons, 
and  2-year  averages  in  tables  21-29  in  the  appen- 
dix. They  are  summarized  by  seasons  and  2-year 
averages  for  these  locations  in  tables  4-12  and 
over  eight  combined  locations  in  table  13.  Iowa 

Table  4, 


data  were  not  included  in  the  combined  analysis 
because  the  test  was  conducted  a year  later. 
Variety  mixtures  with  Culver  were  not  included 
in  any  of  the  tests.  The  way  each  cross  is  listed, 
such  as  Buffalo  X Banger  or  Banger  X Buffalo, 
has  no  significance,  because  seed  of  the  reciprocals 
had  been  composited  for  testing. 


Comparison  of  adjusted^  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures, 
and  parent  varieties,  Lafayette,  Ind. 


Variety  combinations 


1959 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett- 

Williamsburg 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett 

Culver 

Vernal 

Culver 

Average: 

With  Culver  combina- 
tions: 

High  parent 

Low  parent 

Without  Culver  com- 
binations : 

High  parent 

Low  parent 

L.S.D.: 

Within  individual  combi- 
nations : 

Cross  versus  mixture; 
cross  or  mixture 
versus  high  parent. 

Cross  or  mixture 
versus  parent  aver- 
age— 

Average  without  Culver 
combinations:  Cross 
versus  mixture;  cross  or 
mixture  versus  high  par- 
ent 


Tons 
4.  03 

3.  82 

4.  03 

3.  33 

4.  03 

3.  75 

4.  03 

3.  41 

4.  03 
3.  84 
3.  82 
3.  33 
3.  75 
3.  67 
3.  84 
3.  33 
3.  84 
3.  74 
3.  84 
3.  41 
3.  84 

3.  67 

4.  03 
3.  72 
3.  82 
3.  72 
3.  75 
3.  72 
3.  84 
3.  72 


Tons 
}3.  93 

|3.  68 
}3.  89 
|3.  72 
|3.  94 
}3.  58 
}3.  71 
|3.  59 
}3.  79 
}3.  63 
}3.  76 
}3.  88 
3.  77 
}3.  74 
3.  78 


Tons 
3.  85 

3.  66 
3.  79 
3.  96 
3.  84 
3.  63 
3.  88 
3.  82 
3.  84 
3.  81 
3.  68 
3.  77 

3.  56 

4.  02 
3.  90 


Tons 
3.  79 

3.  64 
3.  93 

3.  97 

4.  12 
3.  54 
3.  59 
3.  58 
3.  80 
3.  80 
3.  86 


Tons 

r6.  11 

15.  67 

r6.  11 

14.  84 

r6. 11 

[5.  27 

r6. 11 

14.  08 

ro.  11 

[5.  43 
r5.  67 
A.  84 
'5.  27 
.5.  34 

5.  43 
.4.  84 
'5.  43 
.5.  37 
'5.  43 
.4.  08 
'5.  43 
.5.  34 

6.  11 
,5.  38 
'5.  67 
.5.  38 
5.  27 
.5.  38 
5.  43 
,5.  38 


Tons 
}5.  89 

}5.  48 
}5.  69 
j-5.  09 
}5.  77 
1 5.  26 
}5.  30 
5.  14 
|5.  40 
}4.  76 
5.  38 


|5.  74 
}5.  52 
|5.  32 
}5.  40 


Tons 
6.  01 

5.  68 
5.  68 
5.  61 
5.  66 
5.  57 
5.  79 
5.  49 
5.  73 
5.  11 
5.  60 
5.  78 
5.  83 
5.  72 
5.  54 


Tons 

6.  17 

5.  26 
5.  67 
5.  89 
5.  80 
5.  25 
5.  55 
5.  07 
5.  41 
5.  36 
5.  68 


3.  90 
3.  61 


3.  92 
3.  57 


3.  76 


}3.  75 


3.  80 


3.  80 


3.  78 


5.  72 
5.  10 


5.  75 
5.  00 


5.  41 

38 


}5. 


5.  65 


5.  63 


5.  56 


Tons 
'5.  01 
,4.  75 
'5.  01 
.4.  07 
'5.  01 

4.  48 
'5.  01 

3.  76 

5.  01 

4.  66 
A.  75 
4.  07 
4.  48 
4.  52 
4.  66 
4.  07 
4.  66 
4.  53 
4.  66 

3.  76 

4.  66 

4.  52 

5.  01 
4.  55 
4.  75 
4.  55 
4.  48 
4.  55 
4.  66 
4.  55 


Ton 
}4.  88 

|4.  54 
}4.  74 
1 4.  38 
}4.  84 
|4.  41 
|4.  50 
}4.  36 
}4.  60 
}4.  21 
|4.  59 
}4.  78 
|4.  65 
}4.  52 
|4.  60 


Tons 
4.  96 

4.  65 
4.  73 
4.  82 
4.  75 
4.  61 
4.  83 
4.  68 
4.  81 
4.  48 
4.  64 
4.  80 
4.  66 
4.  87 
4.  77 


A.  80 
4.  35 


A.  81 
A-  29 


}4.  57 
}4.  55 


4.  74 


4.  73 


Tons 
5.  02 

4.  46 
4.  82 
4.  90 
4.  95 
4.  41 
4.  58 
4.  27 
4.  60 
4.  59 
4.  76 


4.  67 


'percent 

0.  32 

percent 

0.  43 

percent 

0.  41 

percent 

0.  55 

percent 

0.  30 

percent 
0.  40 

. 28 

. 37 

. 36 

. 47 

.26 

.34 

. 10 

. 13 

. 12 

. 16 

.09 

. 12 

711-289—64 2 
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Table  5. — Comparison  oj  adjusted,  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and 

parent  varieties,  Ames,  Iowa 


Variety  combinations 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


1961 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett 

Williamsburg 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett 

Culver 

Vernal 

Culver 

Average: 

With  Culver  combina- 
tions; 

High  parent 

Low  parent 

Without  Culver  com- 
binations: 

High  parent 

Low  parent 

L.S.D.: 

Within  individual  combina- 
tions: 

Cross  versus  mixture; 
cross  or  mixture  ver- 
sus high  parent 

Cross  or  mixture  ver- 
sus parent  average. . 

Average  without  Culver 
combinations:  Cross  ver- 
sus mixture;  cross  or 
mixture  versus  high 
parent 


Tons 
4.  83 
4.  59 
4.  83 

3.  62 

4.  83 
4.  91 
4.  83 
4.  01 
4.  83 
4.  96 
4.  59 

3.  62 

4.  91 
4.  64 
4.  96 

3.  62 

4.  96 
4.  50 
4.  96 
4.  01 
4.  96 
4.  64 
4.  83 
4.  60 
4.  59 
4.  60 
4.  91 
4.  60 
4.  96 
4.  60 


Tons 
|4.  71 

|4.  22 
|4.  87 
|4.  42 
|4.  90 
}4.  10 
}4.  78 
|4.  29 
|4.  73 
}4.  48 
j-4.  80 
}4.  72 
}4.  60 
|4.  76 
4.  78 


Tons 
4.  63 

4.  25 
4.  91 
4.  74 
4.  67 
4.  17 
4.  90 
4.  53 
4.  78 
4.  86 
4.  91 
4.  66 
4.  67 
4.  94 
4.  80 


Tons 
4.  85 

4.  17 
4.  82 
4.  66 
4.  77 
4.  17 
4.  70 
4.  10 
4.  56 
4.  70 
4.  75 


Tons 
3.  72 
3.  59 
3.  72 
2.  80 
3.  72 
3.  61 
3.  72 

1.  96 
3.  72 
3.  25 
3.  59 

2.  80 
3.  61 
3.  75 
3.  25 
2.  80 
3.  25 
3.  07 
3.  25 
1.  96 
3.  25 
3.  75 
3.  72 
3.  25 
3.  59 
3.  25 
3.  61 
3.  25 
3.  25 
3.  25 


Tons 
|3.  66 

3.  26 

js.  66 

}2.  84 
}3.  48 
|3.  20 
}3.  68 
|3.  02 
}3.  16 
}2.  60 
|3.  50 
|3.  48 
}3.  42 
}3.  43 
|3.  25 


Tons 
3.  53 

3.  14 
3.  62 
3.  32 
3.  21 
3.  13 
3.  75 
3.  16 
3.  08 

2.  92 

3.  55 
3.  42 
3.  46 
3.  39 
3.  16 


Tons 
3.  67 

3.  24 
3.  49 
3.  46 
3.  41 
3.  18 
3.  68 
2.  69 

2.  96 

3.  03 
3.  40 


Tons 
4.  27 
4.  09 
4.  27 

3.  21 

4.  27 
4.  26 
4.  27 

2.  98 
4.  27 
4.  10 
4.  09 

3.  21 
f4.  26 
[4.  20 
f4.  10 
[3.  21 
f4.  10 
[3.  79 
f4.  10 
[2.  98 
f4.  10 
[4.  20 
f4.  27 
[3.  93 
f4.  09 
[3.  93 
f4.  26 
[3.  93 
f4.  10 
13.  93 


Tons 
|4.  18 

3.  74 
}4.  26 
|3.  62 

4.  18 


3.  65 
|4.  23 
|3.  66 
}3.  94 
|3.  54 
}4.  15 
|4.  10 
|4.  01 
|4.  10 
}4.  02 


Tons 
4.  08 

3.  70 

4.  26 
4.  03 
3.  94 

3.  64 

4.  33 
3.  85 
3.  93 

3.  89 

4.  23 
4.  04 
4.  06 
4.  16 
3.  98 


4.  87 
4.  35 


4.  88 
4.  26 


■4.  61 


■4.  57 


4.  69 


4.  67 


4.  57 


f3.  57 
13.  05 


f3.  59 
12.  97 


}3.  31 
}3.  28 


3.  32 


3.  31 


3.  29 


f4.  19 
13.  72 


r4.  20 

13.  65 


}3.  96 
}3.  92 


4.  01 


3.  99 


Tons 
4.  26 

3.  70 

4.  16 
4.  06 
4.  09 

3.  68 

4.  19 
3.  39 
3.  76 

3.  86 

4.  07 


3.  93 


5 

'percent 

0.  20 

. 18 


. 06 


percent 
0.  27 

. 23 


. 08 


5 

percent 

0.  21 

. 18 


. 06 


1 

percent 

0.  27 

. 24 


08 


5 

percent 
0.  17 

. 14 


. 05 


percent 

0.  22 

. 19 


. 06 
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Table  6. — Comparison  oj  adjusted,  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and 

parent  varieties,  Manhattan,  Kans. 


1959 

1960 

Variety  combinations 

Par- 

ents 

Aver- 

age 

Cross 

Mix- 

ture 

Par- 

ents 

Aver- 

age 

Cross 

Atlantic  

Tons 
7.  58 

Tons 

U Cl 

Tons 

Tons 

7.  16 

Tons 
[7.  66 

Tons 

Tons 

Buffalo  ___  

7.  50 

>1.  54 

7.  15 

{7.  66 

[7.  66 

7.  69 

Atlantic  _ _ _ 

7.  58 

|6.  80 

6.  71 

6.  97 

/7.  66 

|6.  99 

7.  03 

Lahontan.  _ 

6.  01 

t6.  32 

Atlantic  . _ _ 

7.  58 

|6.  93 

7.  00 

7.  40 

/7.  66 

}6.  88 

7.  03 

Narragansett-  _ _ - 

6.  28 

to.  10 

Atlantic.  

7.  58 

}6.  04 

7.  06 

7.  25 

/7.  66 

U.  84 

7.  12 

Rambler.  . . 

4.  50 

t4.  03 

Atlantic ... 

7.  58 

}6.  78 

6.  92 

7.  27 

/7.  66 

}6.  90 

7.  15 

Vernal  . . . . . 

5.  97 

t6.  15 

Buffalo ..  

7.  50 

|6.  76 

6.  75 

6.  83 

/7.  66 

|6.  99 

6.  99 

Lahontan.  _ .... 

6.  01 

\6.  32 

Narragansett  ....  

6.  28 

|6.  61 

7.  00 

6.  89 

/6.  10 

}6.  78 

7.  14 

Williamsburg 

6.  94 

I7.  47 

Vernal  . . ....  . 

5.  97 

}5.  99 

6.  04 

6.  08 

/6.  15 

jo.  24 

6.  47 

Lahontan. _ . . _ _ .. 

6.  01 

16.  32 

Vernal . .... 

5.  97 

|6.  32 

6.  63 

6.  44 

/6.  15 

}6.  54 

6.  98 

Ranger..  _ .... 

6.  66 

16.  94 

Vernal ...  

5.  97 

|5.  23 

5.  66 

5.  97 

/6.  15 

|5.  09 

5.  77 

Rambler..  . . . 

4.  50 

t4.  03 

Vernal  _ . ... 

5.  97 

|6.  46 

7.  27 

6.  68 

/6.  15 

}6.  81 

7.  70 

Williamsburg .... 

6.  94 

l7.  47 

Atlantic . .. 

7.  58 

6.  86 

|7.  22 

7.  43 

/7.  66 
16.  16 

}6.  91 

7.  26 

Culver . ... 

Buffalo..  ..  . 

7.  50 

6.  86 

}7.  18 

7.  23 

/7.  66 
16.  16 

}6.  91 

7.  37 

Culver 

Narragansett.  ..... 

6.  28 

6.  86 

|6.  57 

6.  65 

/6.  10 
16.  16 

}6.  13 

6.  29 

Culver  ....  

Vernal _ 

5.  97 

6.  86 

}6.  42 

6.  55 

/6.  15 
16.  16 

jo.  16 

6.  34 

Culver ... 

Average : 

With  Culver  combina- 
tions: 

High  parent..  . . 

7.  11 

6.  06 

|■6.  59 

6.  80 

/7.  20 
15.  98 

}6.  59 

6.  96 

Low  parent  . _. 

Without  Culver  com- 
binations: 

High  parent  ..  . 

7.  08 

}6.  49 

6.  74 

6.  81 

/7.  30 

|6.  61 

7.  01 

Low  parent.. 

5.  90 

15.  92 

L.S.D.: 

Within  individual  combina- 
tions: 

Cross  versus  mixture; 
cross  or  mixture  ver- 
sus high  parent  .. 

6 

percent 

0.  43 

1 

percent 

0.  hi 

6 

percent 

0.  44 

1 

percent 
0.  58 

Cross  or  mixture  versus 

parent  average 

Average  without  Culver 
combinations:  Cross  ver- 
sus mixture;  cross  or 
mixture  versus  high  par- 
ent   

. 37 

. 13 

. 49 

. 17 

. 38 

. 13 

. 51 

. 18 

Mix-  Par- 
ture  ents 


Tons 
7.  30 

6.  84 

7.  48 
7.  33 
7.  58 
7.  18 
7.  27 
6.  25 

6.  54 
5.  98 

7.  17 


Tons 
n.  64 
17.  58 
f7.  64 
\6.  16 
/7.  64 
\6.  20 
r7.  64 
\4.  28 
f7.  64 
16.  06 
r7.  58 
16.  16 
r6.  20 
17.  19 
/6.  06 
16.  16 
/6.  06 
16.  80 
;6.  06 
14.  28 
/6.  06 
17.  19 
n.  64 
16.  53 
/7.  58 
16.  53 
/6.  20 
16.  53 
f6.  06 
16.  53 


2-year  average 


Aver- 

age 


Cross 


Mix- 

ture 


Tons 


Tons 


Tons 


V 

Y- 

}®- 

}5. 

}®- 

}«• 

}®- 

}«• 

}^- 

}5. 

}«• 

}^- 

}^- 

}®- 

}«• 


61 

90 

92 

96 

85 

87 

70 

11 

43 

17 


62 


08 

06 

36 

30 


7. 

6. 

7. 

7. 

7. 

6. 

7. 

6. 

6. 

5. 
7. 
7. 
7. 

6. 
6. 


42 

86 


02 


08 

03 

87 

08 

25 

82 

73 

48 

34 

30 

47 

43 


7.  23 

6.  89 

7.  44 
7.  30 
7.  43 
7.  00 
7.  07 
6.  16 
6.  48 

5.  99 

6.  92 


/7.  16 
16.  03 


6.  88 


6.98  I 


7.  20 
5.  92 


6.  88 


6.  90 


5 1 

percent  ■percent 

0.  40  0.  53 

.34  .36 


.12  .16 
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Table  7. — Comparison  of  adjusted,  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and 

parent  varieties,  St.  Paul,  Minn. 


Variety  combinations 


1959 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett- 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett- 

Williamsburg. 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg. 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett. 

Culver 

Vernal 

Culver 


Average: 

With  Culver  combi- 
nations: 

High  parent 

Low  parent 

Without  Culver  com- 
binations: 

High  parent 

Low  parent 


L.S.D.: 

Within 


Tons 
4.  73 
4.  46 
4.  73 
1.  36 
4.  73 
4.  97 
4.  73 
4.  74 

4.  73 

5.  02 
4.  46 
1.  36 
4.  97 

4.  18 

5.  02 
1.  36 
5.  02 

4.  47 

5.  02 

4.  74 

5.  02 
4.  18 
4.  73 
4.  86 
4.  46 
4.  86 
4.  97 

4.  86 

5.  02 
4.  86 


Tons 
4.  60 

}3.  05 
4.  85 
1 4.  74 
1 4.  88 
|2.  91 
1 4.  54 
|3.  19 
|4.  75 
4.  88 
|4.  60 
}4.  80 
|4.  66 
|4.  92 
J•4.  94 


Tons 
4.  54 

4.  13 
4.  73 
4.  80 
4.  66 
4.  04 
4.  58 
4.  54 
4.  58 
4.  99 
4.  70 
4.  83 

4.  51 

5.  07 
5.  04 


Tons 
4.  69 

4.  28 

5.  01 
4.  65 
4.  85 
4.  25 
4.  70 
4.  74 

4.  86 

5.  02 
4.  85 


Tons 
■4.  72 
4.  86 
^4.  72 
,3.  29 
r4.  72 
i4.  76 
72 
'4.  33 
r4.  72 
i4.  93 
f4.  86 
[3.  29 
r4.  76 
[4.  51 
f4.  93 

1 3.  29 

14.  93 
1 4.  82 
14.  93 
[4.  33 
14.  93 
[4.  51 
14.  72 
[4.  64 
14.  86 
14.  64 
14.  76 
1.4.  64 
14.  93 
14.  64 


Tons 
4.  79 

1 4.  00 
|4.  74 
1 4.  52 
1 4.  82 
|4.  08 
1 4.  64 
|4.  11 
}4.  88 
}4.  63 
|4.  72 
}4.  68 
}4.  75 
}4.  70 
}4.  78 


Tons 
4.  89 

4.  75 
4.  93 
4.  68 
4.  73 
4.  81 
4.  82 
4.  93 
4.  77 
4.  65 
4.  88 
4.  73 
4.  92 
4.  92 
4.  83 


Tons 
5.  01 

4.  83 

5.  09 
4.  78 
4.  86 
4.  68 
4.  75 
4.  90 
4.  78 
4.  81 
4.  93 


Tons 
14.  73 
1 4.  69 
14.  73 
1 2.  35 
14.  73 
1 4.  84 
14.  73 
14.  53 
14.  73 
[5.  01 

14.  69 
[2.  35 
[4.  84 
[4.  30 

15.  01 
12.  35 
15.  01 

14.  64 

15.  01 

14.  53 

15.  01 
14.  30 
14.  73 
14.  69 
14.  69 
14.  69 
14.  84 

14.  69 

15.  01 
14.  69 


Tons 
|4.  71 

}3.  54 
}4.  78 
1 4.  63 
}4.  87 
}3.  52 
}4.  57 
3.  68 
}4.  82 
}4.  77 
}4.  66 
|4.  71 
|4.  69 
|4.  76 
|4.  85 


Tons 
4.  72 

4.  46 
4.  86 
4.  73 
4.  74 
4.  49 
4.  72 
4.  77 
4.  72 
4.  90 
4.  82 
4.  77 
4.  72 
4.  95 
4.  95 


individual  combi- 


4.  89 
3.  95 


4.  88 
3.  66 


|4.  42 
|4.  27 


4.  65 


4.  57 


4.  72 


14.  84 
14.  34 


14.  85 
14.  23 


}4.  59 
}4.  54 


4.  82 


4.  80 


4.  86 


14.  86 
14.  15 


14.  87 
[3.  95 


|4.  50 
'}4.  41 


4.  75 


4.  72 


Tons 
4.  81 

4.  55 

5.  02 
4.  68 
4.  85 
4.  43 
4.  72 
4.  79 
4.  77 
4.  93 
4.  87 


4.  77 


nations: 

Cross  versus  mixture; 

6 

1 

cross  or  mixture 

“percent 

percent 

versus  high  parent.. 

0.  28 

0.  38 

Cross  or  mixture 
versus  parent  aver- 
age— 

. 25 

. 33 

Average  without  Culver 
combinations:  Cross  ver- 
sus mixture ; cross  or  mix- 
ture versus  high  parent.. 

. 09 

. 12 

5 

1 

5 

1 

percent 

percent 

percent 

percent 

0.  27 

0.  36 

0.  20 

0.  27 

. 24 

. 31 

. 18 

. 23 

. 08 

. 11 

. 06 

. 08 
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Table  8. — Comparison  of  adjusted,  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and 

parent  varieties,  Lincoln,  Nehr. 


Variety  combinations 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett 

Atlantic 

Rambler 

Atlantic 

Vernal  

Buffalo 

Lahontan 

Narragansett 

Williamsburg 

Vernal  

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal  

Williamsburg. 

Atlantic 

Cub'cr 

Buffalo 

Culver 

Narragansett 

Culver 

Vernal 

Culver 

Average: 

With  Culver  combina- 
tions: 

High  parent 

Low  parent 

Without  Culver  com- 
binations: 

High  parent 

Low  parent 


L.S.D.: 

Within  individual  combi- 
nations: 

Cross  versus  mixture; 
cross  or  mixture  ver- 
sus high  parent 

Cross  or  mixture  ver- 
sus parent  average. - 
Average  without  Culver 
combinations : Cross  ver- 
sus mixture;  cross  or 
mixture  versus  high  par- 
ent  


1959 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Tons 
2.  16 
2.  13 
2.  16 
1.  80 
2.  16 
2.  20 
2.  16 
2.  12 
2.  16 
2.  29 
2.  13 
1.  80 
2.  20 
2.  17 
2.  29 
1.  80 
2.  29 
2.  15 
2.  29 
2.  12 
2.  29 
2.  17 
2.  16 
2.  21 
2.  13 
2.  21 
2.  20 
2.  21 
2.  29 
2.  21 


Tons 
|2.  15 

|l.  98 
|2.  18 
|2.  14 
|2.  23 
|l.  97 
|2.  19 
1 2.  05 
|2.  22 
|2.  21 
]-2.  23 
|2.  19 
|2.  17 
|2.  21 
1 2.  25 


Tons 
2.  17 

1.  98 

2.  23 
2.  20 
2.  19 
2.  00 
2.  32 
2.  13 
2.  13 
2.  28 
2.  27 
2.  20 
2.  10 
2.  29 
2.  33 


Tons 
2.  14 

2.  05 
2.  19 
2.  14 
2.  31 

1.  93 

2.  15 

1.  99 

2.  14 
2.  25 
2.  21 


Tons 
5.  55 
5.  18 
5.  55 

4.  52 

5.  55 


[5.  20 
f5.  55 


15.  45 
r5.  18 

14.  52 
f5.  20 

15.  32 
f5.  45 

14.  52 
f5.  45 

15.  30 
f5.  45 

14.  68 
f5.  45 

15.  32 
f5.  55 
15.  27 
f5.  18 
15.  27 
f5.  20 
[5.  27 
f5.  45 
15.  27 


Tons 
|5.  36 

1 5.  04 
1 5.  38 
|5.  12 
|5.  50 
|4.  85 
1 5.  26 
|4.  98 
|5.  38 
1 5.  06 
}5.  38 
|5.  41 
1 5.  22 
1 5.  24 
1 5.  36 


Tons 
5.  52 

5.  38 
5.  48 
5.  36 
5.  27 
5.  27 
5.  33 
5.  22 
5.  35 
5.  35 
5.  40 
5.  45 
5.  11 
5.  31 
5.  71 


Tons 
5.  47 

4.  88 

5.  41 
5.  49 
5.  44 
5.  03 
5.  27 

4.  87 

5.  24 
5.  32 
5.  21 


Tons 
f3.  89 
[3.  66 
[3.  89 
[3.  13 
r3.  89 
[3.  69 
f3.  89 
13.  38 
f3.  89 
[3.  85 
r3.  66 
13.  13 
r3.  69 
[3.  74 
f3.  85 
13.  13 
f3.  85 
13.  71 
f3.  85 
13.  38 
r3.  85 
13.  74 
r3.  89 
13.  75 
f3.  66 
[3.  75 
f3.  69 
13.  75 
f3.  85 
13.  75 


Tons 
}3.  78 

|3.  51 
}3.  79 
1 3.  64 
1 3.  87 
|3.  40 
1 3.  72 
|3.  49 
}3.  78 
:|3.  62 
}3.  80 
}3.  82 
}3.  70 
1 3.  72 
}3.  80 


Tons 
3.  87 

3.  68 
3.  86 
3.  80 
3.  73 
3.  66 
3.  83 
3.  68 
3.  75 
3.  82 
3.  84 
3.  83 
3.  60 

3.  78 

4.  01 


2.  23 
2.  09 


2.  22 

2.  05 


•2.  16 


•2.  14 


2.  19 


2.  17 


2.  14 


r5.  44 
15.  03 


f5.  46 
14.  96 


•5.  24 


21 


5.  37 


5.  36 


5.  24 


f3.  83 
13.  56 


f3.  84 
13.  50 


}3.  70 
|3.  67 


3.  78 


3.  77 


Tons 
3.  79 

3.  46 
3.  80 
3.  82 
3.  89 
3.  46 
3.  69 
3.  43 
3.  68 
3.  79 
3.  74 


3.  69 


5 

■percent 
0.  14 

. 12 


04 


1 

percent 

0.  19 

. 17 


. 06 


5 

percent 
0.  33 

. 29 


10 


1 

percent 
0.  44 

. 38 


. 13 


6 

percent 
0.  19 

. 17 


. 06 


1 

percent 
0.  25 

. 22 


. 08 


11 


Table  9. — Comparison  of  adjusted,  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and 

parent  varieties,  Ithaca,  N.  Y. 


Variety  combinations 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett 

Williamsburg 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett 

Culver 

Vernal 

Culver 

Average : 

With  Culver  combina- 
tions : 

High  parent 

Low  parent 

Without  Culver  com- 
binations: 

High  parent 

Low  parent 


L.S.D.: 

Within  individual  combi- 
nations: 

Cross  versus  mixture; 
cross  or  mixture  ver- 
sus high  parent 

Cross  or  mixture  ver- 
sus parent  average.  _ 
Average  without  Culver 
combinations:  Cross  ver- 
sus mixture;  cross  or  mix- 
ture versus  high  parent.  . 


1959 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Tons 
5.  47 
5.  08 
5.  47 

4.  31 

5.  47 
5.  45 
5.  47 

4.  67 

5.  47 
5.  51 
5.  08 

4.  31 

5.  45 
5.  00 
5.  51 

4.  31 

5.  51 

4.  97 

5.  51 

4.  67 

5.  51 
5.  00 
5.  47 
5.  08 
5.  08 
5.  08 
5.  45 
5.  08 
5.  51 
5.  08 


Tons 
|5.  28 

|4.  89 
|5.  46 
}5.  07 
|5.  49 
}4.  70 
}5.  23 
|4.  91 
1 5.  24 
}5.  09 
|5.  26 
}5.  28 
1 5.  08 
}5.  27 
}5.  30 


Tons 
5.  21 

4.  78 

5.  47 
5.  35 
5.  27 

4.  81 

5.  48 
5.  13 
5.  31 
5.  39 
5.  24 
5.  43 
5.  21 
5.  39 
5.  28 


Tons 
5.  21 

5.  22 
5.  31 
5.  18 
5.  54 

4.  78 

5.  22 
5.  19 
5.  14 
5.  41 
5.  15 


Tons 
f4.  06 
13.  78 
r4.  06 

13.  27 

14.  06 
14.  09 
14.  06 

13.  55 

14.  06 
14.  26 
13.  78 

13.  27 

14.  09 

13.  94 

14.  26 

13.  27 

14.  26 

13.  89 

14.  26 

13.  55 

14.  26 

13.  94 

14.  06 
13.  82 
13.  78 

13.  82 

14.  09 

13.  82 

14.  26 
13.  82 


Tons 
}3.  92 

3.  66 

1 4.  08 

3.  80 

4.  16 
3.  52 

}4.  02 
1 3.  76 
}4.  08 
}3.  90 
}4.  10 
|3.  94 
}3.  80 
}3.  96 
}4.  04 


Tons 
3.  80 

3.  76 

4.  05 
4.  08 
4.  04 

3.  59 

4.  16 

3.  97 

4.  18 

3.  93 

4.  04 
3.  98 

3.  87 

4.  10 
4.  02 


Tons 

4.  16 

4.  01 
4.  22 
4.  02 
4.  25 

3.  75 

4.  05 
3.  92 
3.  92 
3.  95 
3.  85 


Tons 
14.  79 
14.  42 
14.  79 

13.  74 

14.  79 
14.  77 
14.  79 
14.  15 
14.  79 
14.  90 
14.  42 

13.  74 

14.  77 
14.  46 
14.  90 

13.  74 

14.  90 
14.  41 
14.  90 
14.  15 
14.  90 
14.  46 
14.  79 
14.  39 
14.  42 
14.  39 
14.  77 
14.  39 
14.  90 
14.  39 


Tons 
}4.  60 

}4.  26 
}4.  78 
}4.  47 
}4.  84 
}4.  08 
}4.  62 
}4.  32 
1 4.  66 
}4.  52 
}4.  68 
}4.  59 
}4.  40 
}4.  58 
}4.  64 


5.  43 
4.  90 


5.  45 
4.  84 


>5.  17 


>5.  15 


5.  25 


5.  22 


14.  1 
\3.  7 


. 11 
2 


►3.  92 


5.  21 


It: 


}3. 


91 


3.  97 


3.  96 


4.  01 


14.  78 
14.  29 


14.  80 
14.  26 


54 


>4.  53 


Tons 
4.  51 

4.  28 
4.  82 
4.  71 
4.  69 
4.  25 
4.  84 
4.  63 
4.  68 
4.  64 
4.  60 
4.  68 
4.  60 
4.  75 
4.  69 


4.  62 


4.  60 


Tons 
4.  61 

4.  57 
4.  76 
4.  65 
4.  89 
4.  30 
4.  60 
4.  59 
4.  53 
4.  66 
4.  54 


4.  61 


5 

•percent 
0.  30 

. 26 


. 09 


percent 
0.  40 

. 34 


. 12 


5 

percent 
0.  25 

. 22 


08 


1 

percent 
0.  33 

. 29 


10 


5 

percent 

0.  21 

. 19 


. 06 


1 

percent 
0.  28 

. 24 


. 09 


12 


Table  10. — Comparison  oj  adjusted,  seasonal  hay  yields  per  acre  oj  alfalfa  variety  crosses,  mixtures,  and 

parent  varieties,  Raleigh,  N.C. 


Variety  combinations 


1959 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 


ture 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett. 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett. 

Williamsburg. 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg. 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett. 

Culver 

Vernal 

Culver 


Tons 
3.  53 
3.  22 
3.  53 

2.  73 

3.  53 
3.  21 
3.  53 

2.  37 

3.  53 
3.  47 
3.  22 

2.  73 

3.  21 
3.  16 
3.  47 

2.  73 

3.  47 
3.  14 
3.  47 

2.  37 

3.  47 
3.  16 
3.  53 

2.  91 

3.  22 

2.  91 

3.  21 

2.  91 

3.  47 
2.  91 


Average : 

With  Culver  combina- 
tions: 

High  parent 

Low  parent 

Without  Culver  com- 
binations : 

High  parent 

Low  parent 


3.  43 
2.  93 


3.  45 
2.  94 


Tons 
|3.  38 

|3.  13 
}3.  37 
|2.  95 
|3.  50 
|2.  98 
|3.  18 
|3.  10 
|3.  31 
|2.  92 
|3.  32 

js.  22 

|3.  07 
|3.  06 
|3.  19 


|3.  19 
|3.  20 


Tons 


Tons 


3.  24 
3.  07 
3.  35 
3.  24 
3.  33 

2.  98 

3.  46 
3.  37 
3.  19 
3.  09 


3.  41  I 
3.  12  I 
3.  41  I 
3.  16  I 
3.  54  I 

2.  96  I 

3.  31  I 
3.  07  I 
3.  38  { 

2.  22  I 


3.  11 


3.  25 


3.  40 
3.  05 
3.  17 
3.  14 


3.  21 


3.  22  3. 


{ 

{ 

{ 

{ 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Tons 
3.  51 
3.  47 
3.  51 

2.  78 

3.  51 
3.  41 
3.  51 

2.  43 

3.  51 
3.  36 
3.  47 

2.  78 

3.  41 
3.  41 
3.  36 

2.  78 

3.  36 
3.  19 
3.  36 

2.  43 

3.  36 
3.  41 
3.  51 
3.  19 
3.  47 
3.  19 
3.  41 
3.  19 
3.  36 
3.  19 


Tons 
|3.  49 

|3.  14 
|3.  46 
}2.  97 
|3.  44 
|3.  12 
|3.  41 
|3.  07 
|3.  28 

1 2.  90 
|3.  38 
|3.  35 
|3.  33 

1 3.  30 
|3.  28 


Tons 
3.  62 

3.  28 
3.  66 
3.  47 
3.  52 
3.  23 
3.  51 
3.  29 
3.  20 
3.  23 
3.  46 
3.  52 
3.  35 
3.  24 
3.  44 


Tons 
3.  49 

3.  29 
3.  56 
3.  41 
3.  61 
3.  16 
3.  53 
3.  06 
3.  34 
3.  25 
3.  42 


Tons 
f3.  52 
[3.  32 
f3.  52 
[2.  76 
f3.  52 
1,3.  31 
r3.  52 
[2.  43 
r3.  52 
[3.  41 
r3.  32 

1.2.  76 
f3.  31 
[3.  28 
f3.  41 
[2.  76 
f3.  41 
[3.  16 
r3.  41 
[2.  43 
f3.  41 

1.3.  28 
13.  52 
[3.  07 
13.  32 
[3.  07 
13.  31 
[3.  07 
13.  41 
13.  07 


Tons 
|3.  42 

|3.  14 
js.  42 
1 2.  98 
|3.  46 
|3.  04 
j-S.  30 
|3.  08 
|3.  28 
|2.  92 
|3.  34 
|3.  30 
|3.  20 
js.  19 
|3.  24 


Tons 
3.  42 

3.  18 
3.  50 
3.  35 
3.  45 
3.  09 
3.  51 
3.  35 
3.  22 
3.  21 
3.  28 
3.  48 
3.  15 
3.  18 
3.  27 


3.  44 
3.  08 


3.  45 
3.  04 


|3.  2 


26 


^3.  24 


3.  40 


3.  41 


3.  37 


13.  43 
13.  01 


3.  22 


{I 


}3. 


22 


3.  31 


3.  32 


Tons 
3.  43 

3.  19 
3.  52 
3.  25 
3.  57 
3.  05 
3.  43 
3.  06 
3.  41 
3.  22 
3.  33 


3.  31 


L.S.D.: 

Within  individual  combina- 
tions: 

Cross  versus  mixture; 
cross  or  mixture 
versus  high  parent... 

Cross  or  mixture 

versus  parent  aver- 
age— 
Average  without  Culver 
combinations : Cross  ver- 
sus mixture;  cross  or 
mixture  versus  high 

parent 


5 

1 

5 

1 

5 

1 

'percent 

percent 

percent 

percent 

percent 

percent 

0.  29 

0.  39 

0.  20 

0.  26 

0.  20 

0.  26 

. 25 

.34 

. 17 

.23 

. 17 

. 22 

. 09 

. 12 

.04 

.06 

— 

— 
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Table  11. — Comparison  oj  adjusted,  seasonal  hay  yields  per  acre  oj  aljalja  variety  crosses,  mixtures,  and 

parent  varieties.  University  Park,  Pa. 


Variety  combinations 


1959 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett- 

Atl  antic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett- 

Williamsburg- 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg. 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett. 

Culver 

Vernal 

Culver 


Average : 

With  Culver  combina- 
tions : 

High  parent 

Low  parent 

Without  Culver 
combinations: 

High  parent 

Low  parent 


Tons 
4.  68 
4.  21 
4.  68 

3.  42 

4.  68 
4.  75 
4.  68 
4.  04 

4.  68 

5.  05 
4.  21 

3.  42 

4.  75 

4.  18 

5.  05 

3.  42 
5.  05 

4.  31 

5.  05 

4.  04 

5.  05 
4.  18 
4.  68 
4.  61 
4.  21 
4.  61 
4.  75 

4.  61 

5.  05 
4.  61 


4.  81 
4.  18 


4.  82 
4.  05 


Tons 
|4.  45 

|4.  05 
|4.  72 
|4.  36 
1 4.  87 
|3.  82 
|4.  47 
1 4.  24 
1 4.  68 
|4.  55 
}4.  62 
|4.  65 
j-L  41 
1 4.  68 
}4.  83 


49 


44 


Tons 
4.  25 

4.  16 
4.  69 
4.  60 
4.  66 
4.  05 
4.  63 
4.  24 
4.  64 
4.  55 
4.  69 
4.  71 
4.  62 
4.  69 
4.  74 


Tons 
4.  50 

4.  31 
4.  79 
4.  38 
4.  79 

3.  86 

4.  76 
4.  20 
4.  64 
4.  45 
4.  61 


4.  53 


4.  47 


4.  48 


Tons 
[4.  29 
14.  00 
(A  29 

13.  47 
[4.  29 

14.  11 
[4.  29 
12.  86 
[4.  29 
14.  45 
(4.  00 

13.  47 
[4.  11 

14.  03 
[4.  45 
13.  47 
[4.  45 

13.  74 
f4.  45 
12.  86 
f4.  45 

14.  03 
f A 29 
13.  84 
f4.  00 
13.  84 
fA  11 
[3.  84 
fA  45 
13.  84 


Tons 
|4.  14 

}3.  88 
|4.  20 
|3.  58 
|4.  37 
}3.  74 
|4.  07 
|3.  96 
|4.  10 
1 3.  66 
|4.  24 

Ja  06 

|3.  92 
3.  98 


14 


Tons 
A 32 

3.  95 
A 28 
A 17 
A 34 
3.  73 
A 23 
A 17 
A 07 
3.  99 
A 07 
A 24 
A 09 
A 17 
A 19 


Tons 
3.  96 

A 20 
A 39. 
A 15 
A 46 
3.  73 
A 17 
3.  99 
A 05 
3.  96 
A 15 


Tons 
f4.  48 
[A  14 
fA  48 
[3.  41 
fA  48 
14.  48 
fA  48 
i4.  43 
fA  48 
14.  72 
fA  14 
13.  41 
fA  48 
[A  03 
fA  72 
13.  41 
fA  72 
[A  02 
fA  72 

13.  43 
fA  72 
[A  03 
f4.  48 
[A  19 
fA  14 
[A  19 
fA  48 
LA  19 
fA  72 

14.  19 


Tons 
|4.  31 

|3.  94 
|4.  48 
|3.  96 
|4.  60 
}3.  78 
|4.  26 
|4.  06 
}4.  37 
}4.  08 
|4.  38 
|4.  34 
}4.  16 
|4.  34 
}a  46 


Tons 
A 33 

A 05 
A 50 
A 41 
A 47 
3.  90 
A 48 
A 21 
A 37 
A 31 
A 35 
A 49 
A 34 
A 46 
A 48 


{I: 


A 00 


f4.32 

13.67 


99 


A 13 


A 12 


A 11 


{t: 


•A  23 


fA  56 
13.  93 


20 


A 34 


A 31 


Tons 
A 25 

A 21 
A 58 
A 26 
A 55 

3.  80 

4.  39 
A 10 
A 31 
A 20 
A 33 


A 27 


L.S.D.: 

Within  individual  com- 
binations: 

Cross  versus  mixture; 
cross  or  mixture 
versus  high  parent.. 

Cross  or  mixture 
versus  parent 

average... 

Average  without  Culver 
combinations:  Cross 
versus  mixture;  cross  or 
mixture  versus  high 
parent 


5 

percent 
0.  33 


.28 


.10 


1 

percent 
0.  43 


. 37 


5 

percent 
0.  33 


. 29 


percent 
0.  44 


. 38 


.-13 


6 

percent 
0.  28 


. 24 


.-08 


1 

p rcent 
0.  36 


. 32 


.*11 


14 


Table  12. — Comparison  of  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and  parent 

varieties,  Madison,  Wis. 


Variety  combinations 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett 

Williamsburg 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett 

Culver 

Vernal 

Culver 

Average: 

With  Culver  combina- 
tions: 

High  parent 

Low  parent 

Without  Culver  com- 
binations : 

High  parent 

Low  parent 


L.S.D.: 

Within  individual  combi- 
nations : 

Cross  versus  mixture; 
cross  or  mixture  ver- 
sus high  parent 

Cross  or  mixture  ver- 
sus parent  average. _ 
Average  without  Culver 
combinations:  Cross  ver- 
sus mixture;  cross  or 
mixture  versus  high  par- 
ent  


1959 

1960 

2-year  average 

Par- 

Aver- 

Cross 

Mix- 

Par- 

Aver- 

Cross 

Mix- 

Par- 

Aver- 

Cross 

Mix- 

ents 

age 

ture 

ents 

age 

ture 

ents 

age 

ture 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

4.  13 

3.  88 

|4.  00 

3.  85 

3.  83 

/4.  81 
\4.  73 

|4.  77 

4.  86 

4.  87 

\ 

r4.  47 
[4.  30 

|4.  38 

4.  35 

4.  35 

4.  13 

2.  91 

|3.  52 

3.  50 

3.  61 

/4.  81 
\3.  92 

|4.  36 

4.  62 

4.  57 

\ 

r4.  47 
i3.  41 

|3.  94 

4.  06 

4.  09 

4.  13 

4.  32 

|4.  22 

4.  07 

4.  08 

r4.  81 
t4.  76 

}4.  78 

4.  64 

4.  82 

\ 

r4.  47 

4.  54 

|4.  50 

4.  36 

4.  45 

4.  13 

4.  40 

|4.  26 

4.  50 

4.  38 

/4.  81 
\3.  41 

|4.  11 

4.  28 

4.  57 

4.  47 
|3.  90 

|-4.  18 

4.  39 

4.  47 

4.  13 

4.  32 

|4.  22 

4.  30 

4.  24 

/4.  81 
t4.  63 

}4.  72 

4.  66 

4.  78 

r4.  47 
[4.  48 

|4.  48 

4.  48 

4.  51 

3.  88 

2.  91 

|3.  40 

3.  76 

3.  28 

f4.  73 
\3.  92 

|4.  32 

4.  50 

4.  51 

[4.  30 
[3.  41 

|3.  86 

4.  13 

3.  90 

4.  32 

3.  97 

}4.  14 

3.  61 

4.  30 

/4.  76 
\4.  86 

|4.  81 

4.  89 

4.  90 

\ 

f4.  54 
L4.  42 

|4.  48 

4.  25 

4.  60 

4.  32 

2.  91 

|3.  61 

3.  99 

4.  09 

/4.  63 
\3.  92 

|4.  28 

4.  73 

4.  44 

\ 

f4.  48 
[3.  41 

|3.  94 

4.  36 

4.  27 

4.  32 

4.  05 

|4.  18 

4.  32 

4.  58 

/4.  63 
\4.  54 

}4.  58 

4.  66 

4.  61 

\ 

r4.  48 
[4.  30 

|4.  39 

4.  49 

4.  60 

4.  32 

4.  40 

|4.  36 

4.  66 

4.  96 

/4.  63 
13.  41 

|4.  02 

4.  39 

4.  43 

r4.  48 
[3.  90 

|4.  19 

4.  53 

4.  70 

4.  32 

3.  97 

4.  13 

4.  28 

jl.  14 
|4.  20 

3.  88 

3.  95 

4.  01 

/4  63 
\4.  86 
/4.  81 
14.  52 

|4.  74 
}4.  66 

5.  07 

4.  67 

4.  76 

f4.  48 
[4.  42 
f4.  47 
[4.  40 

|4.  45 
|4.  44 

4.  48 

4.  31 

4.  38 

3.  88 

4.  28 

|4.  08 

4.  14 

/4.  73 
14.  52 

|4.  62 

4.  89 

r4.  30 
1.4.  40 

|4.  35 

4.  51 

\ 

4.  32 

4.  28 

|4.  30 

4.  65 

f4.  76 
14.  52 

|4.  64 

4.  76 

r4.  54 
1.4.  40 

|4.  47 

4.  71 

4.  32 

4.  28 

|4.  30 

4.  21 

/4.  63 
14.  52 

}4.  58 

4.  87 

f4.  48 
[4.  40 

|4.  44 

4.  54 

4.  27 

3.  86 

}4.  06 

4.  09 

(4.  75 
l4.  31 

|4.  53 

4.  70 

f4.  47 
[4.  13 

}4.  30 

4.  40 

4.  26 

3.  76 

|4.  01 

4.  04 

4.  12 

/4.  76 
U.  24 

|4.  50 

4.  66 

4.  66 

\ 

r4.  47 
[4.  04 

|4.  25 

4.  35 

4.  39 

5 

1 

6 

1 

5 

1 

-percent 

percent 

percent 

percent 

percent 

percent 

0.  53 

0.  70 

0.  23 

0.  31 

0.  32 

0.  42 

46 

. 60 

. 20 

. 26 

27 

. 36 

16 

. 21 

- 

... 

— 

10 

. 13 
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Table  13. — Comparison  of  adjusted,  seasonal  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and 

parent  varieties  averaged  over  all  locations  except  Iowa 


Variety  combinations 


1959 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


1960 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


2-year  average 


Par- 

ents 


Aver- 

age 


Cross 


Mix- 

ture 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett- 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett- 

WiUiamsburg. 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg. 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett- 

Culver 

Vernal 

Culver 


Average: 

With  Culver  combi- 
nations; 

High  parent 

Low  parent 

Without  Culver  com- 
binations: 

High  parent 

Low  parent 


Tons 
4.  54 
4.  29 
4.  54 

3.  23 

4.  54 
4.  30 
4.  54 

3.  78 

4.  54 
4.  43 
4.  29 

3.  23 

4.  30 
4.  16 
4.  43 

3.  23 

4.  43 
4.  12 
4.  43 

3.  78 

4.  43 
4.  16 
4.  54 
4.  32 
4.  29 
4.  32 
4.  30 
4.  32 
4.  43 
4.  32 


Tons 
|4.  42 

}3.  88 
4.  42 
|4.  16 
}4.  48 
}3.  76 
}4.  23 
|3.  83 
}4.  28 
|4.  10 
|4.  30 
|4.  43 
|4.  30 
|4.  31 
}4.  37 


4.  44 
4.  00 


4.  46 
3.  88 


Tons 
4.  28 

4.  00 
4.  42 
4.  46 
4.  39 
4.  00 
4.  37 
4.  16 
4.  33 
4.  30 
4.  36 
4.  46 
4.  30 
4.  49 
4.  40 


■4.  22 


►4.  17 


4.  31 


4.  28 


Tons 
4.  34 

4.  15 
4.  52 
4.  39 
4.  58 

3.  93 

4.  36 
4.  12 
4.  37 
4.  38 
4.  33 


4.  32 


Tons 
5.  07 

4.  89 

5.  07 

4.  01 

5.  07 

4.  73 

5.  07 

3.  72 
5.  07 

4.  86 
4.  89 
4.  01 
4.  73 
4.  83 
4.  86 
4.  01 
4.  86 
4.  70 
4.  86 

3.  72 

4.  86 
4.  83 
’5.  07 
4.  61 
’4.  89 
4.  61 
\ 73 
.4.  61 
'4.  86 
,4.  61 


Tons 
}4.  98 

1 4.  54 
|4.  90 
|4.  39 
}4.  96 
|4.  45 
|4.  78 
}4.  43 
}4.  78 
}4.  29 
|4.  84 
}4.  84 
}4.  75 
}4.  67 
|4.  73 


■4.  94 
4.  44 


'4.  96 
4.  38 


69 


}4.  67 


Tons 
5.  04 

4.  75 
4.  97 
4.  86 
4.  90 
4.  66 
4.  98 
4.  76 
4.  87 

4.  59 

5.  01 
4.  93 
4.  90 
4.  83 
4.  86 


4.  86 


4.  85 


Tons 
5.  04 

4.  68 

5.  06 

4.  94 

5.  07 
4.  61 
4.  91 
4.  51 
4.  72 
4.  65 
4.  88 


4.  82 


Tons 
4.  83 
4.  62 
4.  83 

3.  64 

4.  83 
4.  54 
4.  83 

3.  73 

4.  83 
4.  64 
4.  62 

3.  64 
■4.  54 

4.  50 
4.  64 
3.  64 
'4.  64 
.4.  45 
'4.  64 
.3.  73 
'4.  64 
.4.  50 
'4.  83 
,4.  45 
r4.  62 
L4.  45 
f4.  54 
L4.  45 
f4.  64 
14.  45 


Tons 
}4.  73 

|4.  23 
}4.  68 
|4.  28 
|4.  74 
}4.  13 
|4.  52 
|4.  14 
|4.  55 
|4.  18 
|4.  57 
}4.  64 
}4.  53 
|4.  49 
}4.  54 


14.  70 
14.  23 


'4.  72 
,4.  15 


Tons 
4.  71 

4.  42 
4.  72 
4.  67 
4.  68 
4.  39 
4.  71 
4.  50 
4.  61 
4.  45 
4.  70 
4.  73 
4.  61 
4.  64 
4.  65 


46 


^4.  43 


4.  61 


4.  60 


Tons 
4.  70 

4.  44 
4.  81 
4.  67 
4.  84 
4.  31 
4.  64 
4.-34 
4.  55 
4.  50 
4.  62 


4.  58 


L.S.D.: 

Within  individual  combi- 
nations: 


Cross  versus  mixture; 

5 

1 

cross  or  mixture  ver- 

percent 

percent 

sus  high  parent 

Cross  or  mixture  ver- 

0.  12 

0.  16 

sus  parent  average.  . 

Average  without  Culver 
combinations:  Cross  ver- 
sus mixture;  cross  or 
mixture  versus  high 

. 11 

. 14 

parent.  ...  . . 

.04 

. 05 

5 

1 

5 

1 

percent 

percent 

percent 

percent 

0.  11 

0.  15 

0.  09 

0.  13 

. 10 

. 13 

. 08 

. 11 

. 03 

. 05 

. 03 

. 04 
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Mean  Squares  From  Analyses  of  Variance 

Within  Locations 

Mean  squares  from  the  analyses  of  variance  for 
locations,  years,  and  years  combined  within  loca- 
tions are  given  in  tables  14-17.  Differences  among 
alfalfa  treatments  and  years  were  highly  significant 
(table  16).  The  year  X treatment  interactions 


were  highly  significant  except  in  Nebraska,  North 
Carolina,  and  New  York.  Relative  efliciency  of 
the  lattice  design  as  compared  with  the  randomized 
block  design  ranged  from  112  percent  at  Kansas 
to  174  percent  at  Pennsylvania  for  the  combined 
1959  and  1960  seasonal  yields.  This  result  is  in 
agreement  with  results  of  previous  studies  (21). 


Table  14. — Mean  squares  from  analyses  of  variance  of  1959  seasonal  hay  yields  for  all  locations  except  Iowa 


Source  of  variation 

d.f.i 

Indiana 

Minne- 

Ne- 

N orth 

Pennsyl- 

Wiscon- 

Kansas 

New 

sota 

braska 

Carolina 

vania 

sin  1 

York 

Rephcations.  __ 

5 

2.  4640 

0.  4260 

0.  3980 

1.  9560 

1.  3500 

2.  9139 

0.  6640 

0.  6520 

Treatments: 

Unadjusted..  . . 

35 

. 1926 

2.  2517 

. 0969 

. 3760 

. 6469 

. 6317** 

2.  4011 

. 4857 

Adjusted.  ....... 

35 

. 1560** 

2.  0303** 

. 0846** 

. 2926** 

. 5537** 

2.  4091** 

. 4703** 

Blocks.. _ .. 

30 

. 2800 

. 1417 

. 0840 

. 3287 

. 4563 

. 2250 

. 4563 

, Component  a ...  . . . 

15 

. 3253 

. 1667 

. 0800 

. 4453 

. 6447 

. 0647 

. 4700 

Component  b . . . 

15 

. 2347 

. 1167 

. 0880 

. 2120 

. 2680 

. 3853 

. 4427 

Intrablock  error ...... 

145 

. 0753 

. 0574 

. 0137 

. 0570 

. 0690 

. 1303 

. 0583 

Randomized  block  error 

175 

. 1104 

. 0718 

. 0257 

. 1035 

. 1354 

. 1409 

. 1466 

. 1266 

Effective  error  _ 

. 0806 

. 0636 

. 0159 

. 0655 

. 0811 

. 1404 

. 0685 

2 

. 0588 

. 0453 

. 0671 

. 0660 

. 0681 

. 0307 

. 0704 

Relative  efficiency  (percent) 

137 

114 

156 

158 

167 

104 

185 

Coefficient  of  variation  (percent) . 

8 

6 

6 

8 

6 

9 

6 

5 

1 Wisconsin  test  had  only  4 replications  and  was  analyzed  as  a randomized  block  with  degrees  of  freedom  as  fol« 
lows:  Total  143,  I’eplications  3,  treatments  35,  and  error  105. 

2 Weighting  factor  used  by  Cochran  and  Cox  {4,  V-  407). 

**Indicates  significance  at  1-percent  level. 


Table  15. — Mean  squares  from  analyses  of  variance  of  1960  seasonal  hay  yields  for  all  locations  except  Iowa 


Source  of  variation 

d.f.i 

Indiana 

Minne- 

sota 

Ne- 

braska 

North 

Caro- 

lina 

Penn- 

sylva- 

nia 

Wis- 
consin ‘ 

Iowa 

Kansas 

New 

York 

Replications..  

5 

0.  5331 

0.  7211 

0.  8298 

0.  3272 

2.  2818 

0.  0662 

0.  7723 

2.  3204 

0.  2737 

Treatments: 

Unadjusted 

35 

. 8676 

. 4941 

. 3810 

. 3394 

. 5523 

. 3540** 

. 5831 

3.  0736 

. 3055 

Adjusted 

35 

. 7681** 

. 4327** 

. 3219** 

3273** 

. 4733** 

. 4931** 

3.  0834** 

. 2240** 

Blocks  . 

30 

. 2958 

. 3014 

. 1683 

. 0710 

. 3140 

. 0952 

. 3095 

. 2266 

Component  a 

15 

. 3912 

. 5234 

. 2006 

. 0621 

. 4499 

. 0843 

. 1162 

. 1741 

Component  b . . 

15 

. 2003 

. 0795 

. 1360 

. 0799 

. 1781 

. 1061 

. 5028 

. 2791 

Intrablock  error. 

145 

. 1166 

. 0486 

. 0763 

. 0270 

. 0735 

. 0279 

. 1349 

. 0411 

Randomized  block  error.  . 

175 

. 1473 

. 0919 

. 0921 

. 0345 

. 1148 

. 0270 

. 0395 

. 1648 

. 0729 

Effective  error  

. 1308 

. 0570 

. 0840 

. 0303 

. 0855 

. 0319 

. 1497 

. 0479 

. 0459 

. 0672 

. 0410 

. 0472 

. 0602 

. 0547 

. 0424 

. 0653 

_ 

Relative  efficiency  (per- 

cent) . 

113 

161 

110 

114 

134 

124 

110 

152 

Coefficient  of  variation 

(percent) . . 

6.  6 

5.  0 

5.  5 

5.  2 

7.  2 

3.  6 

3.  9 

5.  7 

5.  6 

1 See  table  14,  footnote  1. 

2 See  table  14,  footnote  2. 

**Indicates  significance  at  1-percent  level. 
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Table  16. — Mean  squares  from  analyses  of  variance  of  combined  1959  and  1960  seasonal  hay  yields  for  al 

locations  except  Iowa 


Source  of  variation 

d.f.i 

Indiana 

Minne- 

sota 

Nebraska 

North 

Carolina 

Pennsyl- 

vania 

Wiscon- 

sin^ 

Kansas 

New  York 

Whole  plots 

215 

0.  2998 

0.  4425 

0.  1270 

0.  2144 

0.  4092 

0.  2355 

1.  1461 

0.  2295 

Replications  . 

5 

1.  8576 

. 1621 

. 3008 

1.  3544 

3.  3932 

1.  9118 

2.  6643 

. 7085 

Treatments: 

Unadjusted  _ 

35 

. 7759 

2.  2265 

. 3759 

. 6486 

1.  0231 

. 4921** 

5.  3013 

. 7086 

Adjusted- _ 

35 

. 7361** 

2.  0794** 

. 3309** 

. 5983** 

. 9389** 

5.  3065** 

. 6135** 

Blocks.  _ _ 

30 

. 3122 

. 2662 

. 1722 

. 2904 

. 6622 

. 4743 

. 3915 

Component  a 

15 

. 3869 

. 4202 

. 2106 

. 3504 

1.  0155 

. 1268 

. 3152 

Component  b 

15 

. 2375 

. 1123 

. 1337 

. 2303 

. 3089 

. 8219 

. 4678 

Intrablock  error.  _ 

145 

. 1286 

. 0580 

. 0516 

. 0545 

. 1058 

. 2298 

. 0639 

Randomized  block  error  (a). 

175 

. 1601 

. 0937 

. 0723 

. 0949 

. 2012 

. 1021 

. 2717 

. 1201 

Years  

1 

328.  5138** 

3.  3743** 

1046.  8894** 

2.  2997** 

18.  5836** 

20.  5708** 

1.  6713** 

165.  3795** 

Years  X treatments. 

35 

. 2843** 

. 5193** 

. 1020 

. 0668 

. 1760** 

. 4935** 

. 1735** 

. 0827 

Randomized  block  error  (b). 

180 

. 1266 

. 0955 

. 0700 

. 0677 

. 0543 

. 0937 

. 0475 

. 0832 

Effective  error.  . 

. 1369 

. 0626 

. 0559 

. 0588 

. 1159 

. 2422 

. 0699 

//  2 

. 0221 

. 0309 

. 0270 

. 0324 

. 0336 

. 0191 

. 0335 

Relative  efficiency  (per- 

cent)  ..  . 

117 

150 

129 

161 

174 

112 

172 

Coefficient  of  variation 

(percent) 

8.  0 

5.  4 

6.  4 

7.  6 

8.  0 

7.  0 

7.  3 

5.  8 

1 See  table  14,  footnote  1. 

2 See  table  14,  footnote  2. 

**Indicates  significance  at  1-percent  level. 


Table  17. — Mean  squares  from  analyses  of  variance 
of  1960  and  1961  hay  yields  and  for  2 years 
combined  for  Ames,  Iowa 


Source  of  variation 

d.f. 

1960 

1961 

Years 

combined 

Whole  plots  ..  _ 

215 

0.  2628 

Replications  .... 

5 

0.  7723 

1.  2772 

1.  9067 

Treatments : 

Unadjusted 

35 

. 5831 

. 7186 

1.  0565 

Adjusted..  . .. 

35 

. 4900** 

. 6815** 

. 9504** 

Blocks 

30 

. 0952 

. 1038 

. 1527 

Component  a 

15 

. 0843 

. 0970 

. 1092 

Component  b 

15 

. 1061 

. 1106 

. 1962 

Intrablock  error. 

145 

. 0279 

. 0288 

. 0373 

Randomized  block 

error  (a) 

175 

. 0395 

. 0417 

. 0571 

Years.. 

1 

188.  4036** 

Years  X treatments 

35 

. 2452** 

Randomized  block 

error  (b)  . . 

180 

. 0273 

Effective  error 

. 0319 

. 0330 

. 0430 

M 1 

. 0547 

. 0563 

. 0593 

Relative  efficiency 

(percent) 

124 

126 

133 

Coefficient  of  varia- 

tion  (percent) 

3.  9 

5.  5 

5.  3 

* See  table  14,  footnote  2. 

**Indicates  significance  at  1-percent  level. 


Locations  Combined 

Mean  squares  from  the  combined  analysis  of 
variance  over  all  locations  except  Iowa  are  given  in 
table  18.  The  combined  analysis  was  calculated 
with  and  without  Lahontan  and  its  crosses  and 
mixtures,  since  some  winter  killing  of  this  variety 
occurred  in  Minnesota  and  Wisconsin.  When 


Lahontan  and  its  crosses  and  mixtures  were  re- 
tained in  the  analysis,  mean  squares  for  treatments 
and  the  TXYXL  interaction  were  highly  signifi- 
cant, and  the  TXL  interaction  was  significant  at 
the  5-percent  level.  All  mean  squares  were  highly 
significant  when  Lahontan  and  its  crosses  and 
mixtures  were  removed  from  the  analysis. 
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Table  18. — Mean  squares  and  mean  square  expectations  oj  interest  from  combined  analysis  of  variance  of 
seasonal  hay  yields  with  and  without  Lahontan  and  its  crosses  and  mixtures  for  all  locations  except  Iowa 


Source  of  variation 

With  Lahontan 

Without  Lahontan 

Mean  square  expectations  i 

d.f. 

m.s. 

d.f. 

m.s. 

Years  (Y) 

Locations  (L) 

YXL 

Treatments  (T) 

TXY 

TXL 

TXYXL 

Error  (e) 

1 

7 

7 

35 
35 
245 
245 
2,  240 

40.  0477** 
76.  1990** 
32.  4141** 
1.  0153** 

. 1281 
. 1377* 

. 1056** 
. 0141 

1 

7 

7 

27 

27 

189 

189 

2 2,  240 

26.  7493** 
59.  7850** 
26.  2274** 

. 6306** 

. 1344** 

. 1289** 

. 0246** 
2 . 0141 

‘r'iV  0’TYL  + tffTL+  VTY-hlyVT 

0’e+  <rTYL+  ITTy 

O'.  + O'TYL  + y ITtL 
<rl  + 0-TYL 

O’. 

1 Source  of  variation  for  each  is  indicated  by  subscript. 

2 Taken  from  combined  analysis  including  Lahontan. 

* and  **  Indicate  significance  at  5-  and  1-percent  levels,  respectively. 


Crosses  Versus  Mixtures  Versus  Parent 
Varieties 

The  principal  standards  of  comparison  for 
crosses  and  mixtures  were  the  high-parent  and 
midparent  (parent  average)  values.  For  the  11 
combinations,  the  relative  performance  of  variety 
crosses  and  mixtures  was  compared.® 


Within  Locations 

1.  None  of  the  mixtures  yielded  significantly 
more  than  the  corresponding  high  component 
variety,  but  the  following  three  crosses  yielded 
more  than  their  corresponding  high  parents; 

Variety  crosses 

Indiana  (table  4) 

Narragansett  X Williamsburg* 

Narragansett  X Culver* 

North  Carolina  (table  10) 

Narragansett  X Williamsburg* 


2.  Numerous  crosses  and  mixtures  yielded 
more  than  their  corresponding  midparent  values 
as  follows: 

Variety  crosses  Mixtures 

Indiana  (table  4) 

Atlantic  X Rambler**  Atlantic  and  Rambler** 

Narragansett  X Williams-  

burg* 

Vernal  X Lahontan*  

Vernal  X Rambler*  Vernal  and  Rambler** 

Narragansett  X Culver**  


Iowa 

Atlantic  X Rambler** 
Vernal  X Lahontan** 
Vernal  X Rambler** 


(table  5) 

Atlantic  and  Rambler** 
Vernal  and  Rambler** 


« * and  **  Indicate  comparison  is  significant  at  5-  and 
1-percent  levels,  respectively. 

Crosses  and  corresponding  mixtures  are  paired  when 
both  are  listed. 


Variety  crosses 

Kansas 


Atlantic  X Rambler** 


Narragansett  X Williams- 
burg** 

Vernal  X Ranger** 
Vernal  X Rambler** 
Vernal  X Williamsburg** 


Mixtures 

(table  6) 

Atlantic  and  Narragansett** 
Atlantic  and  Rambler** 
Atlantic  and  Vernal** 
Narragansett  and  Williams- 
burg** 


Vernal  and  Rambler** 


Minnesota  (table  7) 

Atlantic  X Lahontan**  Atlantic  and  Lahontan** 

Atlantic  and  Narragansett** 

Buffalo  X Lahontan**  Buffalo  and  Lahontan** 

Vernal  X Lahontan**  Vernal  and  Lahontan** 

Vernal  and  Williamsburg* 

Narragansett  X Culver*  


Nebraska  (table  8) 

Atlantic  X Lahontan*  

Atlantic  and  Rambler* 

Buffalo  X Lahontan**  

Vernal  X Lahontan*  

Vernal  X Rambler*  Vernal  and  Rambler* 

Vernal  X Culver*  

New  York  (table  9) 

Atlantic  and  Lahontan** 

Atlantic  X Rambler**  

Buffalo  and  Lahontan* 

Narragansett  X Williams-  

burg* 

Vernal  X Lahontan**  Vernal  and  Lahontan** 

Buffalo  X Culver*  


North  Carolina  (table  10) 

Atlantic  X Rambler**  Atlantic  and  Rambler** 

Narragansett  X Williams-  

burg* 

Vernal  X Lahontan**  

Vernal  X Rambler**  Vernal  and  Rambler** 

Atlantic  X Culver*  

Pennsylvania  (table  11) 

Atlantic  and  Lahontan* 

Atlantic  X Rambler**  Atlantic  and  Rambler* 

Wisconsin  (table  12) 

Atlantic  and  Rambler* 

Buffalo  X Lahontan*  

Vernal  X Lahontan**  Vernal  and  Lahontan* 

Ver  nal  X Rambler*  Vernal  and  Rambler** 


19 


3.  None  of  the  crosses  yielded  significantly  less 
than  the  corresponding  midparent  values,  but  the 
following  three  mixtures  yielded  less  than  the 
corresponding  midparent  values: 

Mixtures 
Iowa  (table  5) 

Vernal  and  Lahontan** 

Vernal  and  Ranger* 

Kansas  (table  6) 

Atlantic  and  Buffalo** 

4.  Crosses  and  their  corresponding  mixtures 
were  not  different  in  yield  except  as  follows: 

Cross  ]>  mixture  Mixture  'i>  cross 

Indiana  (table  4) 

Vernal  X Lahontan**  

Iowa  (table  5) 

Vernal  X Lahontan**  Atlantic  and  Buffalo* 

Vernal  X Ranger*  

Kansas  (table  6) 

Vernal  X Williamsburg**  Atlantic  and  Narragansett* 
Atlantic  and  Vernal* 


Crosses 

Atlantic  X Rambler** 


Buffalo  X Lahontan** 
Narragansett  X Williams- 
burg** 

Vernal  X Lahontan** 
Vernal  X Rambler** 
Vernal  X Williamsburg** 
Atlantic  X Culver* 

Buffalo  X Culver* 
Narragansett  X Culver** 
Vernal  X Culver** 


Mixtures 

Atlantic  and  Rambler** 
Atlantic  and  Vernal* 

Buffalo  and  Lahontan** 
Narragansett  and  Williams- 
burg** 

Vernal  and  Lahontan** 
Vernal  and  Rambler** 


3.  None  of  the  crosses  or  mixtures  yielded 
significantly  less  than  its  corresponding  midparent 
value. 

4.  The  average  yield  of  11  crosses  did  not  differ 
from  the  average  yield  of  the  11  corresponding 
mixtures.  Within  combinations,  the  following 
differences  between  crosses  and  mixtures  occurred: 


Cross'^  mixture  Mixture'^  cross 

Vernal  X Lahontan**  Atlantic  and  Narragansett* 

Atlantic  and  Vernal** 


Variance  Components 


Nebraska  (table  8) 

Atlantic  X Lahontan*  

Buffalo  X Lahontan*  

Vernal  X Lahontan**  

New  York  (table  9) 

Narragansett  X Williams-  Atlantic  and  Lahontan** 
burg* 

North  Carolina  (table  10) 

Vernal  X Lahontan**  

Wisconsin  (table  12) 

Narragansett  and  Williams- 
burg* 

Locations  Combined 

1.  Average  yields  of  all  crosses  and  of  all  mix- 
tures over  locations  were  significantly  less  than 
the  average  high-parent  value,  but  significantly 
greater,  at  the  1-percent  level,  than  the  average 
midparent  value  (bottom  of  table  13).  For 
individual  combinations,  the  cross  and  the  mix- 
ture of  Narragansett  with  Williamsburg  exceeded 
the  high  parent  at  1-  and  5-percent  levels,  respec- 
tively (table  20).  Also,  the  cross  of  Narragansett 
with  Culver  exceeded  its  high  parent  at  the  5- 
percent  level.  The  three  entries  yielded  4,  2,  and 
2 percent  more  than  their  corresponding  high 
parents,  respectively. 

2.  The  following  crosses  and  mixtures  yielded 
more  than  their  respective  midparent  values 
(table  13): 

Crosses  Mixtures 

Atlantic  X Lahontan**  Atlantic  and  Lahontan** 
Atlantic  and  Narragansett** 


When  Lahontan  and  its  crosses  and  mixtures 
were  retained  in  the  combined  analysis  of  variance 
over  all  locations  except  Iowa,  the  largest  esti- 
mated variance  component  was  otyl  followed  by 
<j‘\,  as  shown  in  table  19.  The  largest  estimated 
variance  component  was  o-|l  followed  by  crl 
when  Lahontan  and  its  crosses  and  mixtures  were 
removed. 


Table  19. — Estimates  of  variance  components  from 
combined  analysis  of  variance  of  2-year  seasonal 
hay  yields  from  all  locations  except  Iowa 


Component 

With 

Lahontan 

Without 

Lahontan 

0.  0534 

0.  0245 

. 0028 

. 0137 

. 0160 

. 0522 

. 0915 

. 0105 

. 0141 

. 0141 

Concomitant  Information  on  Varieties  and 
Crosses 


Data  for  seedling  vigor,  spring  growth,  fall 
growth,  recovery  after  first  cut,  stand,  and  winter 
injury  by  location  are  shown  in  tables  30  and  31 
in  the  appendix.  Differences  between  entries 
were  significant  for  all  these  characters  at  each 
location  where  they  were  measured.  The  data 
are  included  for  pmposes  of  additional  charac- 
terization of  the  varieties. 
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Discussion 


The  average  yields  of  11  crosses  and  corre- 
sponding mixtures,  excluding  Iowa  data,  were 
104  and  103  percent,  respectively,  of  the  average 
midparent  value,  as  shown  in  table  20.  Crosses 
and  mixtures  each  averaged  97  percent  of  the 
average  high-parent  value.  Statistically  each  of 
the  foregoing  deviations  from  midparent  or  high- 


Table  20. — Average  hay  yields  oj  variety  crosses 
and  mixtures  in  percentage  oj  respective  high-parent 
and  midparent  values  over  all  locations  except  Iowa 


Variety  com- 
bination 


Yield  as  compared  with — 


High 
parent  * 


Mix- 

ture 


Midparent  ^ 


Cross 


Mixture 


Atlantic 

Buffalo 

Atlantic 

Lahontan 

Atlantic 

Narragansett- 

Atlantic 

Rambler 

Atlantic 

Vernal 

Buffalo 

Lahontan 

Narragansett. 

Williamsburg- 

Vernal 

Lahontan 

Vernal 

Ranger 

Vernal 

Rambler 

Vernal 

Williamsburg- 

Atlantic 

Culver 

Buffalo 

Culver 

Narragansett- 

Culver 

Vernal 

Culver 


Per- 

cent 

■ 98 

■ 92 

■ 98 

■ 97 

■ 97 
95 

I 104** 
97 


99 

96 


101 


} 

} 

} 98 
1 100 
|l02* 
100 


Average : 

Without 
Culver 
combina- 
tions  

With 
Culver 
combina- 
tions  


97 


98 


Per- 

cent 

97 

92 
100 

97 
100 

93 
102* 

94 

98 
97 

100 


Percent 

100 

104** 

101 

109** 

99 

106**4- 
104** 
109**4-  + 
101 
106** 
103**  + 
102* 

102* 

103** 

102** 


Percent 

99 

105** 

103**+ 

109** 
102*+  + 
104** 
103** 
105** 
100 
108** 

101 


97 


104** 


104** 


103** 


1 * and  **  Greater  than  high-parent  value  at  5-  and  1- 
percent  levels,  respectively. 

2 * and  **  Greater  than  midparent  value  at  5-  and  1- 
percent  levels,  respectively.  and  + + Greater  than 
corresponding  mixture  or  cross  at  5-  and  1-percent  levels, 
respectively. 


parent  value  was  highly  significant  (table  13). 
Thus,  the  average  performances  of  crosses  and 
mixtures  were  (1)  very  similar  and  (2)  about 
intermediate  between  the  midparent  and  high- 
parent  values  (tables  13  and  20).  That  is  to  say, 
under  the  conditions  sampled  at  the  eight  loca- 
tions used  in  the  combined  analysis,  crosses  and 
mixtures  performed  better  on  the  average  than 
the  average  of  parent  varieties,  but  not  as  well  as 
the  average  performance  of  better  parent  varieties 
in  the  individual  combinations. 

A summary  of  the  average  performance  of  each 
variety  combination  over  locations  in  percentage 
of  respective  high-parent  and  midparent  values 
is  also  shov/n  in  table  20.  Two  comparisons  are 
noteworthy:  (1)  Performance  of  crosses  and 
mixtures  was  similar  for  the  respective  variety 
combinations  and  (2)  the  greatest  increases  over 
midparent  yield  were  obtained  with  combinations 
involving  Lahontan  or  Rambler.  These  two 
varieties  were  also  the  poorest  adapted  varieties 
in  the  tests  and  had  the  poorest  stands  (table  31). 
At  individual  locations  they  ranked  from  seventh 
to  ninth  in  yield  among  nine  varieties  (tables 
21-29). 

Over  locations,  crosses  yielded  more  than 
mixtures  in  three  combinations — ^Buffalo  X La- 
hontan, Vernal  X Lahontan,  and  Vernal  X 
Williamsburg — and  mixtiu-es  yielded  more  than 
crosses  in  two  combinations — Atlantic  and  Narra- 
gansett, and  Atlantic  and  Vernal  (table  20). 
The  mixtures  are  considered  fu’st,  since  the  crosses 
contained  some  seed  equivalent  to  mixing  of 
parent  varieties. 

Yield  of  Variety  Mixtures 

At  individual  locations,  none  of  the  variety 
mixtures  yielded  significantly  more  than  the  cor- 
responding high-yielding  component  variety. 
When  locations  were  combined,  only  the  mixture 
Narragansett  and  Williamsburg  outyielded  the 
high  component  variety.  At  individual  locations, 
mixtures  often  exceeded  yields  of  respective 
midparent  values.  In  the  combined  analysis, 
8 of  the  11  mixtures  yielded  significantly  more 
than  the  average  of  component  varieties.  Two 
of  the  three  remaining  mixtures  equaled  or 
nmnerically  exceeded  midparent  values.  Only 
the  mixture  of  Atlantic  and  Buffalo  yielded 
numerically  less  than  the  average  of  the  component 
varieties,  but  the  difference  was  not  significant. 

The  similar  performance  of  variety  crosses  and 
variety  mixtures  and  the  superior  yield  of  mixtures 
and  crosses  over  midparent  values  seem  best 
explained  by  competition  within  heterogeneous 
populations.  Presumably  the  more  vigorous 
plants  of  a mixture  predominated  in  broadcast  or 
drilled-row  competition  and  gave  a plot  per- 
formance greater  than  the  expected  average  for 
individual  varieties  in  a mixture.  Some  experi- 


« 


21 


mental  evidence  for  the  presumed  competitive 
effects  was  obtained  from  the  studies  of  Tysdal 
and  Kiesselbach  {18).  A mixture  of  75-percent 
Ladak  seed  and  25-percent  selfed  seed  yielded 
more  than  the  average  of  the  components  grown 
in  separate  plots.  Kesults  with  alfalfa  reported 
here  also  agree  with  those  with  pearl  millet  (3), 
small  grains  (10),  soybeans  {14),  and  beans  (l). 

Yield  of  Variety  Crosses 

Over  locations  Vernal  X Lahontan  yielded  sig- 
nificantly more  than  its  corresponding  mixture 
(table  20).  (Conversely,  the  following  mixtures 
yielded  more  than  their  corresponding  crosses: 
Atlantic  and  Narragansett,  and  Atlantic  and 
Vernal.  Thus,  with  the  possible  exception  of 
the  cross  Vernal  X Lahontan,  the  average  per- 
formance of  crosses  and  mixtures  over  locations 
and  years  was  very  similar  for  all  practical  pur- 
poses. For  that  reason,  competition  among 
unlike  individuals  or  complementary  use  of  the 
environment  appeared  to  be  much  more  important 
than  heterosis  in  explaining  the  superiority  of 
crosses  over  midparent  values. 

The  15  variety  crosses  were  evaluated  at  each 
of  nine  locations.  In  these  tests  only  3 variety 
crosses  of  a possible  135  comparisons  yielded 
significantly  more  than  the  respective  _ higher 
yielding  parental  variety  of  each  combination. 
Narragansett  X Wilhamsbmg  yielded  signifi- 
cantly more  than  the  higher  yielding  parent  at 
two  locations,  and  Narragansett  X Culver  was 
superior  to  the  better  parent  at  one  location. 
These  crosses  exhibited  possible  heterosis,  but  the 
magnitude  of  their  superiority  was  hardly  suffi- 
cient to  excite  the  alfalfa  breeder. 

Early  data  obtained  by  crossing  corn  varieties 
were  summarized  by  Hayes  and  Garber  {9).  Of 
157  corn  variety  crosses,  each  studied  at  1 of  12 


.locations,  53  percent  yielded  more  than  the  re- 
spective high-yielding  parent.  The  average  yield 
increase  of  variety  crosses  over  the  respective 
higher  yielding  parent  corn  varieties  was  4.2  per- 
cent. Poliak  et  al.  {13)  reported  that  the  Fi 
populations  of  three  corn  variety  crosses  yielded 
9 to  20  percent  more  than  midparent  values. 

Studies  of  corn  and  alfalfa,  however,  are  not 
entirely  comparable.  Cross-pollination  in  corn 
was  under  complete  control,  whereas  in  variety 
crosses  of  alfalfa  used  in  the  study  reported  here, 
it  was  assumed  that  less  than  half  of  the  seed  re- 
sulted from  cross-pollination  between  varieties. 
Furthermore,  it  is  assumed  that  there  was  less 
competition  among  individual  genotypes  of  corn 
than  among  genotypes  of  alfalfa.  Differences  in 
pollination  and  plant  competition  probably  ac- 
count for  the  divergence  in  results  obtained  for 
variety  crosses  in  corn  and  alfalfa. 

The  performance  of  alfalfa  variety  crosses  under 
natural  conditions  in  the  field  may  deviate  from 
the  performance  indicated  in  this  study  for  three 
reasons;  namely,  (1)  a different  amount  of  self- 
pollination  may  occur  in  cages  than  under  natural 
conditions,  (2)  climatic  conditions  and  kind  of 
pollination  may  affect  the  amount  of  self-pollina- 
tion, and  (3)  variety  crosses  produced  by  inter- 
planting  equal  quantities  of  seed  of  the  parents, 
unless  the  seed  from  the  parents  is  harvested 
separately,  wiU  likely  consist  of  unequal  contribu- 
tions by  the  parents,  since  varieties  differ  in  seed 
production.  Such  possible  differences,  however, 
should  not  be  sufficient  to  invalidate  the  con- 
clusion that  the  alfalfa  variety  crosses  in  this 
study  are  not  likely  to  give  rise  immediately  to 
new  strains  that  will  materially  surpass  the  per- 
formance of  the  best  variety  available  for  a 
particular  area.  Investigation  of  intravarietal 
and  intervarietal  clonal  crosses  is  suggested  if 
further  study  of  heterosis  in  variety  crosses  is 
undertaken. 


In  2-year  yield  tests  15  alfalfa  variety  crosses, 
11  of  the  comparable  50  : 50  mixtures  of  pairs  of 
varieties,  9 parent  varieties,  and  a mass  polycross 
entry  were  grown  in  a 6-by-6  triple  lattice  design 
in  Indiana,  Iowa,  Kansas,  Minnesota,  Nebraska, 
New  York,  North  Carolina,  and  Pennsylvania. 
The  same  entries  were  grown  in  a randomized 
block  design  in  Wisconsin.  Data  were  analyzed 
by  locations  and  for  all  locations  combined  except 
Iowa. 

Variety  crosses  were  produced  by  compositing 
equal  quantities  of  seed  from  pairs  of  varieties  that 
were  bee  pollinated  under  screen  cage.  The 
variety  crosses  were  assumed  to  consist  of  about 
10-percent  selfed  seed,  45-percent  varietal  hybrid 
seed,  and  45-percent  parent  variety  seed. 


Yield  of  variety  crosses  was  similar  to  that  of 
corresponding  variety  mixtures.  Variety  mixtures 
and  variety  crosses  averaged  103  and  104  percent, 
respectively,  of  the  midparent  yield.  Variety 
crosses  and  variety  mixtures  yielded  only  97 
percent  as  much  as  the  high-parent  average  of 
respective  crosses  and  mixtures.  Crosses  or 
mixtures  giving  greatest  yield  advantage  over 
midparent  generally  had  one  of  the  poorer  yielding 
varieties  as  one  parent  or  component.  The  similar 
performance  of  variety  crosses  and  variety 
mixtures  and  the  superior  yield  of  mixtures  and 
crosses  over  midparent  values  seem  best  explained 
by  competition  within  heterogeneous  populations. 
Presumably  the  more  vigorous  plants  of  a mixture 
predominated  in  broadcast  or  drfiled-row  com- 
petition and  gave  a plot  performance  greater  than 
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the  expected  average  for  individual  varieties  in  a 
mixture. 

The  crosses  Narragansett  X Wdliainsburg  and 
Narragansett  X Culver  yielded  4 and  2 percent 
more  than  the  respective  high  parents.  The 
mixture  of  Narragansett  and  Williamsburg  yielded 
2 percent  more  than  the  high  parent.  (The  mix- 
ture of  Narragansett  and  Culver  was  not  included 
in  the  study.)  Investigation  of  intravarietal  and 
intervarietal  clonal  crosses  is  suggested  if  further 
study  of  heterosis  in  variety  crosses  is  undertaken. 

It  was  concluded  that  neither  the  alfalfa  variety 
crosses  nor  variety  mixtures  in  this  study  would 
contribute  substantially  to  increasing  the  yield 
over  the  highest  yielding  variety  at  a particular 
location. 


Relative  efficiency  of  the  lattice  design  as  com- 
pared with  the  randomized  block  design  ranged 
from  112  percent  at  Kansas  to  174  percent  at 
Pennsylvania  for  the  combined  1959  and  1960 
seasonal  yields. 

Estimated  variance  components  for  treatments 
and  the  interaction  of  treatments  with  locations 
and  years  were  calculated  for  the  combined  data 
from  eight  locations  with  and  without  Lahontan 
and  its  crosses  and  mixtures.  Estimated  com- 
ponents of  variance  were  greatest  for  the  treatment 
X year  X location  interaction  and  for  treatments 
with  Lahontan.  When  Lahontan  entries  were 
excluded  from  the  analysis,  the  estimated  variance 
components  were  largest  for  treatments  X 
locations  and  for  treatments. 
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Table  21. — Adjusted  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and  parent  varieties  by  cuttings  and  seasons,  Lafayette,  Indd 
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' Means  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test. 


Table  22. — Adjusted  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and  parent  varieties  by  cuttings  and  seasons,  Ames,  Iowa  ^ 
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Means  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test. 


Table  23. — Adjusted  hay  yields  per  acre  oj  aljalfa  variety  crosses,  mixtures,  and  parent  varieties  by  cuttings  and  seasons,  Manhattan,  Kansd 
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* Means  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test. 


Table  24. — Adjusted  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and  parent  varieties  by  cuttings  and  seasons,  Rosemount,  Minn} 
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* Means  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test. 


Table  25. — -Adjusted  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and  parent  varieties  by  cuttings  and  seasons,  Lincoln,  Nebrd 
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* Means  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test. 


Table  26. — Adjusted  hay  yields  per  acre  of  aljalja  variety  crosses,  mixtures,  and  parent  varieties  by  cuttings  and  seasons,  Ithaca,  N.Y} 
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* Means  having  one  or  more  letters  in  common  are  not  different  at  5-i3ercent  level  by  Duncan’s  multiple  range  test. 


Table  27. — Adjusted  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and  parent  varieties  by  cuttings  and  seasons,  Raleigh,  N.Cd 
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' Means  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test, 


Table  28.~Adjusted  hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and  parent  varieties  hy  cuttings  and  seasons.  University  Park,  Pad 
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ins  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test. 


Table  29. — Hay  yields  per  acre  of  alfalfa  variety  crosses,  mixtures,  and,  parent  varieties  by  cuttings  and  seasons,  Aladison,  Wis. 
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* Means  having  one  or  more  letters  in  common  are  not  different  at  5-percent  level  by  Duncan’s  multiple  range  test. 


Table  30. — Scores  jor  growth  characteristics  of  alfalfa  variety  crosses,  mixtures,  and 'parent  varieties  ^ 
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* Scores  ranged  from  1 (most)  to  9 except  in  Minnesota,  where  scores  were  1 to  5. 


Table  31. — Estimated  percent  stand  and  winter  injury  of  alfalfa  variety  crosses,  mixtures,  and  parent  varieties 


t>»cn 

CO 

o 

o 

<N 

CO 

GO 

o 

1—1 

o 

05 

N 

o 

N 

CD 

o 

o 

1—1 

CO 

40 

rH 

1-H 

o 

o 

1-H 

N 

N 

N 

o 

o 

rH 

o 

X 

rji 

CD 

X 

cSs 

C4 

N 

N 

rH 

CD 

CD 

n OS 

gS-i 

ca 

^os 

CO 

00 

05 

00 

05 

o 

o 

IN 

CO 

o 

o 

CD 

00 

o 

(N 

h-. 

N 

o 

X 

X 

05 

o 

X 

40 

CD 

CO 

N 

rH 

fH 

05 

05 

N 

N 

CD 

40 

rTi 

CO 

to 

rH 

1— 1 

04 

to 

CO 

t-H 

rH 

CO 

C4 

1—4 

CO 

C4 

1-H 

N 

X 

N 

(N 

X 

N 

05 

rH 

X 

N 

iH 

rH 

X 

fl 

<5 

fH 

rt< 

r-t 

CO 

o 

(M 

CO 

40 

CO 

Tf< 

00 

CO 

N 

N 

o 

CD 

o 

X 

o 

Tf< 

N 

o 

X 

X 

X 

rH 

tH 

40 

CD 

03 

O 

05 

05 

05 

05 

05 

00 

05 

05 

05 

00 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

X 

05 

05 

05 

05 

05 

05 

05 

40 

05 

40 

05 

05 

05 

X 

o 

<M 

tH 

05 

05 

1— ( 

r-H 

N 

Tt< 

1^ 

N 

N 

N 

1-H 

o 

o 

X 

o 

N 

N 

N 

N 

N 

o 

N 

o 

N 

X 

05 

CO 

X 

N 

.5 

O 

05 

05 

00 

00 

05 

05 

05 

05 

05 

05 

05 

05 

X 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

X 

05 

05 

05 

05 

05 

05 

40 

05 

X 

05 

X 

g 

W 

w 

o 

cO 

CO 

00 

00 

CO 

00 

40 

00 

40 

00 

CD 

CD 

40 

CD 

CD 

CD 

CO 

CD 

X 

40 

CD 

CD 

N 

CO 

CO 

X 

cO 

X 

N 

N 

dJD 

.a 

OS 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

a 

03 

OS 

o 

00 

00 

00 

CO 

05 

CO 

00 

CD 

X 

!>. 

CD 

CD 

X 

40 

X 

o 

X 

X 

X 

CD 

CD 

X 

X 

X 

h- 

N 

X 

N 

05 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

^•o 

05 

o 

»o 

o 

CO 

tH 

o 

05 

N 

o 

CO 

o 

Tfl 

o 

CO 

C75 

40 

X 

CD 

X 

X 

40 

(N 

40 

X 

X 

o 

o 

X 

o 

i 

f^OS 

o 

GO 

05 

05 

00 

00 

05 

00 

00 

00 

05 

05 

X 

05 

X 

05 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

l> 

X 

CD 

X 

X 

X 

i> 

iH 

rH 

rH 

> 

OQ 

VI 

a 

hflOO 

T— 4 

CO 

T-H 

o 

N 

CO 

r-H 

N 

TtH 

CD 

N 

X 

X 

N 

Oi 

o 

X 

Tin 

05 

1-H 

05 

X 

CD 

N 

o 

CD 

X 

X 

^H 

tJH 

rH 

o 

05 

05 

oc 

05 

05 

05 

05 

05 

05 

00 

05 

05 

05 

05 

X 

05 

X 

X 

05 

X 

05 

05 

05 

X 

05 

X 

l> 

X 

05 

05 

05 

X 

X 

lH 

lH 

rH 

fLl 

< 

4 

o 

CO 

lO 

t-4 

(M 

o 

CO 

40 

00 

40 

1> 

N 

00 

CO 

40 

05 

CD 

N 

o 

N 

CD 

X 

t-H 

N 

X 

40 

05 

40 

40 

N 

X 

N 

40 

CD 

CD 

OS 

03*^ 

1> 

00 

r> 

1> 

J> 

1> 

1> 

t> 

X 

l> 

CO 

l> 

I> 

1> 

CD 

CD 

l> 

I> 

1> 

CD 

bA 

Q> 

□ 

05 

r— i 

CO 

00 

CO 

CO 

o 

00 

t-H 

o 

00 

00 

CO 

00 

CD 

CO 

X 

i-H 

X 

N 

rH 

X 

o 

X 

05 

N 

X 

X 

I> 

CD 

05 

X 

X 

N 

X 

o 

X 

12; 

a2 

w 

CO 

to 

CO 

CO 

!>. 

CO 

CO 

CO 

CD 

40 

CD 

CD 

CD 

CD 

1> 

»o 

40 

CD 

40 

CD 

CD 

40 

CD 

X 

I> 

rji 

40 

CD 

CD 

rH 

tH 

rH 

C3 

^ o 

o 

05 

05 

05 

00 

00 

00 

05 

00 

00 

00 

05 

!> 

05 

X 

X 

X 

X 

40 

TtH 

X 

X 

X 

X 

X 

X 

05 

X 

CD 

X 

05 

40 

X 

X 

cd 

pQ 

Q.OS 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

X 

05 

05 

05 

05 

05 

05 

• 

o 

o 

00 

o 

GO 

CO 

00 

05 

o 

00 

00 

00 

N 

05 

40 

X 

CO 

X 

N 

X 

X 

o 

40 

05 

X 

X 

X 

l> 

o 

X 

o 

X 

o 

iH 

"o 

«! 

o 

05 

o 

00 

05 

00 

00 

00 

00 

oo 

05 

GO 

GO 

00 

00 

X 

X 

X 

X 

X 

X 

X 

X 

X 

r- 

X 

05 

X 

X 

X 

X 

l> 

05 

X 

X 

X 

tH 

iH 

tH 

s 

00 

CO 

lO 

JO 

40 

CO 

40 

40 

40 

40 

40 

40 

40 

40 

N 

40 

40 

N 

to 

40 

40 

40 

05 

N 

40 

40 

40 

N 

X 

Th 

X 

s 

o 

§ 

tH 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

X 

05 

05 

05 

05 

05 

05 

= 

o 

05 

00 

Ir^ 

00 

05 

CO 

00 

00 

00 

40 

X 

X 

X 

r-- 

X 

05 

X 

X 

X 

X 

05 

X 

CD 

05 

40 

05 

CD 

X 

CD 

X 

N 

P.CS 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

to 

a 

o 

o 

05 

00 

00 

05 

00 

GO 

00 

05 

GO 

00 

X 

X 

05 

05 

X 

05 

05 

X 

05 

05 

40 

05 

05 

05 

I> 

05 

X 

(N 

05 

05 

CD 

N 

X 

N 

a 

o 

o 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

05 

X 

05 

05 

05 

05 

w 

O 

C5C5C505OC505C0O00C5C50^C5O 


CsOOOOOOOiOOOOOO^ 


C5O5C5O5O5C0CiC5O5O5 

050505050^0505050^05 


l|s 


O50000cOI>t>CD00O5iC00  00  00  00  00 
05  05  05  05  05  05  05  05  05  05  05  05  05  05  05 


t^00C0cDOl>':0t>C0'^O 
05  05  05  05  05  05  05  05  05  005 


COOOcDiOOlMt^COCOCO 
05  05  05  05  05  05  05  00505 


2o 

M O 
3 OS 


T-(iOOiOOOiOC<l(M(NcO»-iTtiC<iO 

OOGOOO£>-OOOOGOOOGOCOGOCOOOI>00 


'*^^C^C^COCOCOOOOiOcOi-H 

00c000t^00  00lr^l>001>00 


+J05 

D-“5 

03 


0000'^OOOOOOOI>-OOOGOOCOO 

OOOOOOOOOOOOOOOOOGOOOGOOCOCO 


OOOOOICOOCO<NOOIOOO 

OCOOOOOOOOOOOOOOOOOO 


OrHOOOCOC^O^OCO 

oooooooooooooooooo 


0.i5 

S'OS 

03 


T^COiCCOCOCOTt<Tt<Oi-Hi— (1— icoc^c^ 
OOGOI>OOOOGOCOOOGOOOGOOOG01>GO 


t^O(MC^OOCOr-Hlr^(Nr-J 

OOOOOOGOOOOOt^OCOOCOOO 


lOCDT-HCDrHCO'^t^COCO 

GOOCOOt>-l>l>J>COCOI> 


9 ^ ■ 

a o3  : 

b£)^ 


o 

c3 

bD^ 
^ c3  c3 

2:  t ^ 

^ ^ 


W OUf— » tn  <--«  . ^ 

g o3.i2  OJ  cS-g 

tS  ® *-•  ca  > fl 
to  ^ y X E ^ 

XXXXXX^Xxx 

O O O C C 

^ ^ ^ 

..o3c3c3c3c3o3totorU,^ 
y y p p 


>X2-g| 


<V 

_ (/} 
C p 
c3  c3 
^ op. 

to 
p 
CQ 


C3.  . 
03 


^ixxx 

•+^  bO  ,-H  ^ 

5 ^ Jjs  o3  o3 

o fcn  5P  c2  O 

^ c3  0 0)  •+* 

Hq:z;p^>>  3<tj 


p 


5 -O  c3  -g  P 

O fc-  r2  C y y 

p r O ^0^ 

=3 =1  3 -g  > 

T3'ciT)'o_  g 
a o fl  Q ^ 

o3  P o3  P y r1 

coco  W 

.pM  O -+-=* 

4^*  ^ rt 

p p p p p g 

P cd  P to  ^ 

^ ^ -jj  p o3 


„ £ 

t3  S.O  03 

§3iS 
§ 9 fl  o •' 

o3  c«  -g 

W)  y 


05 


o 


o 
0 
0 
fcH 
0 

__  On 
0 0^ 
> > Cl 
0 0© 


-4^  -JJ 

a G 
0 0 
0 0 


P 


I O 


S o 

G o3 

« o £ „ 

„60ggo3g;^goS'Sw)§.£^ 

gflgg>aaiip:^S£!a£a!'o 

£ i 

fs  s 


o3 

iu  CL)  ^ 

?-?'o 

+0  +5  a 

a a a 


PPsg 
aiai  § 
PPU 


34 


U.S.  GOVERNMENT  PRINTING  0FFlCEll9e4 


